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YELOFIBROSIS is an unusual dis- 

ease characterized by fibrotic or 
sclerotic bone marrow and extramedullary 
hematopoiesis. This illness was first de- 
scribed in the literature in 1871.°° Attention 
was redirected to it by several publications 
in the 1930’s,!:?"?7 and it has been better 
recognized since that time. This illness has 
been described under a number of terms, 
including agnogenic myeloid metaplasia, 
aleukemic myelosis, megakaryocytic mye- 
losis, leukoerythroblastic anemia, myelo- 
sclerosis, and osteosclerosis.* In recent 
years there has been considerable interest 
in myelofibrosis, especially in its relation- 
ship to polycythemia vera and chronic 
myelocytic 

The purpose of this report is to review 
25 cases of myelofibrosis seen during the 
period from 1948 to 1958 and to emphasize 
the frequency and types of bone changes 
that may be encountered roentgenograph- 
ically. 


ETIOLOGY, PATHOGENESIS, AND PATHOLOGY 


The etiology of myelofibrosis in the 
majority of instances is unknown. Accord- 


ing to previous reports 5 to 100 per cent of 
cases have a history of exposure to benzene 
(benzol), or other known marrow 
toxins.'®?:3! Tt is also known that 10 to 20 
per cent of cases of polycythemia vera 
terminate with the picture of myelofibro- 
sis.°> Instances are on record of chronic 
myelocytic leukemia terminating as myelo- 
fibrosis,» and we have had one such case, 
which is not included in this report. It is 
more common for the reverse sequence to 
occur; 7.e., for myelofibrosis to terminate as 
chronic myelocytic leukemia.'* This brings 
up the problem of the basic interrelation- 
ship of these diseases. 

In recent years the concept that poly- 
cythemia vera, chronic myelocytic leu- 
kemia, and myelofibrosis are merely dif- 
ferent phases of “‘myeloproliferative dis- 
ease” has been 

Another concept is that myelofibrosis 
follows bone marrow injury, with resulting 
necrosis and finally fibrosis of the bone 
marrow” with compensatory extramedul- 
lary Bomford and 
Rhoads? pointed out that certain instances 
of “refractory anemia” are encountered 


* From the Departments of Radiology and Medicine, Emory University School of Medicine, Atlanta, Georgia. 
Presented at the Fifty-ninth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 30—October 3, 


1958. 


183 


VoL. 82 a No. 2 


which eventually terminate as myelofibro- 
sis. These patients may initially be seen 
with pancytopenia, a cellular marrow with- 
out fibrosis and with extramedullary hema- 
topoiesis. Such cases have been referred to 
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as “‘agnogenic myeloid metaplasia.” It 
has also been shown that benzene poisoning 
most often initially produces pancytopenia 
with hypercellular marrow.!® Extramedul- 
lary hematopoiesis may occur. These pa- 
tients may later develop a fibrotic bone 
marrow.'® To explain the development of 
chronic myelocytic leukemia in a small per- 
centage of cases, analogy is drawn to other 
disease processes, such as cirrhosis of the 
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Fic. 1. (4) Section of normal bone marrow, 
which is approximately s0 per cent fatty 
and 50 per cent cellular marrow with 
scattered megakaryocytes. (B) Section of 
fibrotic bone marrow. There are a large num- 
ber of fibroblasts along the trabeculae and 
infiltrating the cellular marrow. A number 
of megakaryocytes are present. (C) Section 
of fibrotic and sclerotic bone marrow. There 
is nearly complete replacement of marrow 
tissue by dense fibrous tissue and over- 
growth of bone along the trabeculae. 


liver, which are characterized by injury, 
fibrosis, hyperplasia, and the development 
of malignant change in some cases.*! 

The essential pathologic finding is fibrosis 
of the bone marrow (Fig. 1). In some in- 
stances the marrow may be almost re- 
placed by fibrous tissue. There may be 
patchy areas of very active hypercellular 
marrow” and characteristically there is 
megakaryocytic hyperplasia.“ In other in- 
stances the fibrosis is not so widespread. 
The bone marrow over-all may be hyper- 
cellular.“ There may be overgrowth of bone 
along the trabeculae producing sclerosis of 
bone,*? which may be demonstrable roent- 
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genographically. Marked extramedullary 
hematopoiesis occurs, particularly mega- 
"This myeloid 
metaplasia is most striking in the spleen, 
but it also occurs in the liver and lymph 
nodes, and to a lesser extent in the kidneys, 
lungs, and in other organs.'4:7!:*! 


CLINICAL PICTURE 


Typically, myelofibrosis occurs in the 
older age group and with about equal fre- 
quency in the two sexes.'**! The onset is 
usually insidious. The most frequent symp- 
toms are weakness, fatigue, dyspnea, and 
weight loss. In addition, there is frequently 
a history of abdominal pain referable to an 
enlarged spleen. Commonly there is a 
bleeding 

The spleen is nearly always enlarged, and 
the liver is frequently enlarged. Often 
there are no other physical findings except 
pallor and sometimes purpura. 

The blood picture is quite vari- 
able.!!?:4416.23 There is usually a moderate 
to severe anemia. The red blood cells vary 
considerably in size and shape, and nu- 
cleated red blood cells are frequently found 
and are sometimes numerous. Reticulocytes 
are often elevated. Although the white 
blood cell count may be low, it is usually 
elevated, sometimes markedly so. Charac- 
teristically, there is a leukemoid left shift 
of the differential white blood cell count so 
that even myeloblasts may be present. The 


TABLE | 


SYMPTOMS AT DIAGNOSIS 


Symptoms 


No. of Cases 


W 12 
Dyspnea 12 
Weight loss 10 
Fatigue 10 
Bleeding 
Left upper quadrant mass 7 
Vague gastrointestinal symptoms 6 


Splenic pain 

Bone pain 
Abdominal swelling 
Anorexia 

Nausea 

Vomiting 
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TABLE II 


PHYSICAL FINDINGS AT DIAGNOSIS 
Physical Findings No. of Cases 


Splenomegaly 


23 
Hepatomegaly 19 
Pallor 8 
Purpura 3 
Lymphadenopathy 3 
Bone tenderness 2 
Cardiomegaly 2 
Edema I 
Ascites I 


platelet count is quite variable and, al- 
though usually normal or low, it may some- 
times be strikingly elevated. Very often 
the combination of leukocytosis with left 
shift, elevated platelet count, and anemia 
very closely simulates the picture of chronic 
myelocytic leukemia. An attempt to aspi- 
rate bone marrow will almost invariably be 
unsuccessful, yielding either nothing or a 
few marrow cells diluted with blood.!4:% 
On rare occasions the resulting preparation 
may hypercellular.°. Bone marrow 
biopsy is generally required to establish the 
diagnosis of myelofibrosis.” 

Myelofibrosis is nearly always charac- 
terized by progressive anemia.'® In some 
instances there is a striking hemolytic com- 
ponent to the anemia.*!72° Other com- 
plications which are encountered are bleed- 
ing phenomena, infection, and splenic in- 
farction. A certain number of cases also 
terminate as chronic myelocytic leu- 

The prognosis in myelofibrosis is vari- 
able." Symptoms have usually been 
present for a long time prior to diagnosis. 
The duration after diagnosis varies from a 
few months to many years, the average 
probably being around three to four 
years,'*-*! 


FINDINGS IN 25 CASES OF MYELOFIBROSIS 

The records of 25 patients with myelo- 
fibrosis seen during the period from 1948 
to 1958 were reviewed. Of these 25 cases, 
24 were proved by biopsy or autopsy. The 
remaining patient had a typical clinical pic- 
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TABLE III 


BLOOD-CELL COUNTS AT TIME OF DIAGNOSIS 


Red blood cells 


Range 1.87 to 7.87 million/cu. mm. Average 3.79 million/cu. mm. 


17 of 25 patients below 4.5 million/cu. mm. 
5 of 25 patients above 5.5 million/cu. mm. 


Hemoglobin 


Range 5.1 gm.% to 17.7 gm.%. Average 11.4 gm.% 


13 of 25 patients below 12 gm.% 
1 of 25 patients above 16 gm.% 


Reticulocytes 


Range 0.1% to 8.6%. Average 2.7% 


11 of 22 patients above 2.0% 


Platelets 
Normal 
Decreased 


White blood cells 


Elevated—4 patients; highest 1,108,000 (indirect) 
10 patients 
9 patients; lowest 50,000 (direct) 


Range 1,200 to 135,000/cu. mm. Average 21,452/cu. mm. 


13 of 25 patients above 11,000/cu. mm. 
4 of 25 patients below 4,000/cu. mm. 


Differential 


4 patients had no immature myeloid cells in the blood 


17 patients had myelocytes or younger myeloid cells 


ture plus osteosclerosis roentgenographi- 
cally, but no biopsy was done. Of the 24 
proved cases, 23 were proved during life by 
biopsy. The remaining case was suspected 
of having myelofibrosis, but the diagnosis 
was not established until autopsy. Two 
cases proved by biopsy are not included in 
this series because they are atypical. One 
was found to have myelofibrosis shortly 
before death, after five years of typical 
chronic myelocytic leukemia. The other de- 
veloped myelofibrosis five years after the 
onset of aplastic anemia, which progressed 
from a hypocellular marrow to a hyper- 
cellular marrow and terminated as chronic 
myelocytic leukemia. 

Of the 25 typical cases of myelofibrosis, 
15 were female and 10 were male. 

The age at diagnosis ranged from thirty- 
six years to eighty-five years. Eighty four 
per cent of the cases were fifty years of age 
or older. 

Five cases had a history of exposure, or 
possible exposure, to potential marrow 
toxins. There was no instance of proved 
polycythemia vera preceding myelofibrosis. 
However, at the time of diagnosis 3 patients 
had elevated erythrocyte counts. 


8 patients had myeloblasts in the blood, ranging 1 to 10% 


The duration of symptoms prior to diag- 
nosis could be analyzed in 24 patients; in 
one patient the date of onset of symptoms 
could not be established. The duration of 
symptoms prior to diagnosis varied from 
one month to sixteen years and averaged 
forty-seven months. In 62.5 per cent the 
duration of symptoms prior to diagnosis 
ranged from two years to ten years. Most 
commonly the first symptoms were weak- 
ness and easy fatigability. The incidence of 
the various symptoms present at the time 
of diagnosis is given in Table 1. 

The prominent physical findings at the 

IV 


COMPLICATIONS 
No. of Cases 


Abnormal bleeding 

Hemolysis 

Splenic infarction 

Infection 

Chronic myelocytic leukemia (probable) 
Congestive heart failure 

Uremia 

Gouty arthritis 

Ascites 

Questionable myeloblastic leukemia 


~I 


— 
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TABLE V 
CAUSE OF DEATH 


Cause of Death No. of Cases 


Pseudomonas bacteremia I 
Postoperative infection (prostate) I 
Respiratory infection I 


Anemia and unexplained coma I 
Cerebral hemorrhage I 
Gastrointestinal bleeding I 
Subdural hematoma I 
Splenic and pulmonary infarction, con- 
gestive heart failure, and renal failure I 


Total 8 


time of diagnosis were splenomegaly, 
hepatomegaly, and pallor (Table 1). Of the 
2 patients who did not have splenomegaly 
at the time of diagnosis, one died two 
months later of intercurrent disease, and 
the other subsequently developed spleno- 
megaly after a period of two and one-half 
years. 
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Data on the blood counts at the time of 
diagnosis are given in Table m1. Generally, 
the picture was one of a slight to moderate 
anemia with variable platelet and total 
white blood cell counts, associated with a 
leukemoid left shift of the white blood cell 
differential and frequently with reticulo- 
cytosis. A striking feature was the fre- 
quently noted presence of marked aniso- 
cytosis and poikilocytosis of the red blood 
cells. 

Marrow aspiration of 21 of the 25 pa- 
tients produced either very hypocellular 
preparations or blood. In one patient the 
marrow aspirated was hypercellular, and in 
another the marrow aspirated was hyper- 
cellular and yielded definite evidence of 
increased fibrosis on section of the clot. In 
the remaining 2 patients attempts at mar- 
row aspiration resulted in “dry taps.” 

Progressive anemia was the major dif- 
ficulty encountered during the course of 
this illness in 17 patients. Splenic or abdom- 


TABLE VI 


ROENTGEN FINDINGS 


Sex Age  Splenomegaly Hepatomegaly 
1 EF 55 Not stated Not stated 
2 M 61 3+ 3+ 
3 M 3} No roentgenograms No roentgenograms 
4 F 46 Splenectomy 3+ 
5 F 43 3+ Not stated 
6 M 58 2+ 1+ 
7 M 58 Noroentgenograms No roentgenograms 
8 M 71 2+ O 
9 M 73 Noroentgenograms No roentgenograms 
lo F 1+ 
11 F 60 2 
2 =F 61 3 Liver not shown 
i; F % 3? 3 
14 io 85 4+ 1+ 
16 F 75 4+ 
16 F 67 2 2 
17 KF 53 Noroentgenograms No roentgenograms 
i8 M 61 2+ O° 
ig M 48 Splenectomy 2+ 
20 M 57 Not stated Not stated 
21 65 2+ 
22 KF 64 Noroentgenograms 
23 3 3+ 
24 36 2 2+ 
25 M 76 2 Liver not shown 


Osteosclerosis Remarks 


Roentgenographic reports only 


No roentgenograms 
2+ 
fe) Roentgenographic reports only 
No roentgenograms 
I+ 


No roentgenograms 


Osteoporosis 
i+ 


° Roentgenographic reports only 


i+ 

4+ 
2-++ 
) 
4+ 
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Fic. 2. (4) Posteroanterior and (B) lateral roentgenograms of the chest showing elevation of the left leaf of 
the diaphragm due to splenomegaly. On the original roentgenograms, osteosclerosis was also seen. 


Fic. 3. Plain roentgenogram of the abdomen show- 
ing hepatomegaly, splenomegaly, and osteosclero- 
sis. 


inal pain constituted the major difficulty in 
3 patients, and bleeding and purpura were 
the major problem in one other patient. 
No follow-up information is available in 3 
patients. One patient who is still alive seven 
years after diagnosis has had no symptoms. 
The incidence of the various complications 
which have been encountered in this group 
of patients is given in Table tv. 

Of 18 cases in which the duration from 
symptomatic onset could be analyzed, 9 
have died and g are alive. The duration 
from symptomatic onset to death ranged 
from three months to nineteen years and 
averaged sixty-one months. The duration 
from the symptomatic onset to the present 
in those living ranged from fifteen months 
to nineteen years and averaged 102 months. 

Of 20 patients in whom the duration from 
diagnosis could be analyzed, 10 have died 
and 10 are alive. The duration from diag- 
nosis to death ranged from two months to 
and thirty-eight 
months. The duration from diagnosis to 
the present in those living ranged from 


nine years averaged 
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Fic. 4. (4-D) Myelofibrosis in a sixty-five year old female, showing 
advanced osteosclerosis and moderate splenomegaly. 


seven months to twelve years and averaged 
45.4 months. The information obtained as 
to cause of death in 8 patients is given in 


Table v. 


TREATMENT 

The treatment of myelofibrosis for the 
most part consists of symptomatic and sup- 
portive measures. Blood transfusions should 
be given sparingly with the guide being 


symptoms rather than hemoglobin level. If 
a significant degree of hemolysis is present, 
treatment with adrenocortical steroids may 
prove beneficial.’ In the present series 6 
patients received adequate steroid treat- 
ment. The indication for adrenocortical 
steroid treatment was hemolysis in 5 pa- 
tients and bleeding in one patient. The pa- 
tient with bleeding was benefited in that a 
reduction of purpura and cessation of 
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hematuria followed this treatment. Of the been “‘improved,” one had a slight rise in 
5 patients treated for hemolytic anemia, hemoglobin only, and one patient obtained 
2 obtained a per cent reduction in trans-_ no benefit. 

fusion requirement, one was said to have In general, splenectomy is considered 


(Continued on facing page) 
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hazardous in Several 
reports, however, indicate that this proce- 
dure is not as hazardous as was originally 
thought.*: In certain carefully selected pa- 
tients, in whom there was a significant de- 
gree of splenic sequestration and destruction 
of red blood cells, splenectomy has been 
shown to be beneficial.*:'%!7 In the pre- 
sent series 5 patients have had splenectomy. 
Three of these patients are alive three 
months to eight years after splenectomy. In 
3 patients there has been a very gratifying 
diminution in the transfusion requirement. 
One of these patients died sixteen months 
after splenectomy of Pseudomonas bac- 
teremia. One patient died three and one- 
half months after splenectomy of progres- 
sive anemia and gastrointestinal bleeding. 
The course of the illness was apparently un- 
influenced by splenectomy in one patient. 
In addition to these measures, suppres- 
sion of granulopoiesis by the use of myleran 
may occasionally be of benefit, by way of 
shrinkage of a large liver or spleen, thereby 
reducing pressure symptoms, or by reduc- 
tion of hypermetabolism through suppres- 
sion of myelopoiesis.'! For the same reasons 
irradiation of the spleen may also some- 
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times be of benefit."* If either of these 

agents is used in the treatment of the pa- 

tient with myelofibrosis, it should be given 

in small doses and very cautiously.*: 
ROENTGEN FINDINGS 

Myelofibrosis may produce the following 
roentgen findings: (1) splenomegaly; (2) 
hepatomegaly; (3) osteosclerosis (Table 
V1). 

(1) Splenomegaly. Enlargement of the 
spleen is an almost constant feature in 
myelofibrosis. Although the enlargement is 
indistinguishable from that seen in other 
conditions, it is usually marked and poses 
no diagnostic difficulties on abdominal ex- 
amination. On routine chest roentgeno- 
grams, even if the splenic shadow cannot be 
identified, enlargement should be suspected 
if the left diaphragmatic leaf is elevated 
(Fig. 2). Other suggestive findings on 
chest examination include medial displace- 
ment of the gastric air bubble and down- 
ward displacement of the splenic flexure of 
the colon. 

(2) Hepatomegaly. Enlargement of the 
liver is a less common feature of myelo- 
fibrosis than splenomegaly, and is more dif- 


Fic. 5. (4-E) Myelofibrosis in a sixty-one year old female with advanced osteosclerosis. An unusual 
feature in this case was the involvement of the skull (F). 
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ficult to evaluate roentgenologically. In our 
series of cases, some degree of liver enlarge- 
ment was shown in approximately 40 per 
cent of the patients (Fig. 3). 

(3) Osteosclerosis. Sclerosis of the bones 
was present in slightly more than one-half 
of our cases. This agrees fairly well with 
the incidence reported in the _litera- 
ture.!?:14,16.23 When osteosclerosis is present, 
it is diffuse rather than localized (Fig. 4 
and 5). The involved bones are not ex- 
panded and there is no change in their ex- 
ternal contour.”* The osteosclerosis is due 
to thickening of the individual bone trabec- 
ulae of the spongiosa as well as formation 
of new trabeculae in some cases. There is 
apparently no periosteal proliferation of 
bone; however, in some cases, there may be 
endosteal thickening involving the dia- 
physes of long bones." Since the principal 
changes involve the spongiosa, the bones in 
which the changes are more apparent are 
the ribs, pelvis, vertebrae, clavicles, and 
scapulae. Changes in the metaphyseal ends 
of the femora and humeri are also fre- 
quently noticeable. Rarely is one able to 
detect changes of the skull, radius and 
ulna, and tibia and fibula roentgeno- 
graphically. In none of our cases were we 
able to detect changes in the bones of the 
hands or feet (Fig. 5). 

In many of the cases with osteosclerosis 
one sees only a diffuse increased density of 
the bones with some increased prominence 
of the trabeculae. In the more advanced 
cases of osteosclerosis, there are frequently 
found discrete sclerotic foci in addition to 
the general osteosclerosis. These foci may 
be present in practically all of the bones in- 
volved, or limited to a few. They are fre- 
quently noted in the pelvis, vertebrae, and 
metaphyseal ends of the femora and less 
often in the metaphyseal ends of the hu- 
meri. 


DIFFERENTIAL DIAGNOSIS 


Although there are a great many condi- 
tions which produce osteosclerosis, it is 
most unusual to encounter a disease which 
closely simulates the sclerosis of myelofi- 
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brosis. The bone lesions may be closely 
mimicked by certain cases of metastatic 
carcinoma, and the rare osteosclerotic form 
of myelomatosis. However, the marked 
splenomegaly which accompanies myelofi- 
brosis is rarely seen in these two conditions. 
There are several other entities which at 
times show osteosclerosis and splenomegaly 
which may be considered in differential 
diagnosis: (1) In Hodgkin’s disease the 
osteosclerosis is usually of a localized na- 
ture, involving only one or a few bones. 
(2) Although it is frequently mentioned in 
differential diagnosis, leukemia rarely, if 
ever, causes diffuse osteosclerosis.> (3) In 
some of the chronic hemolytic anemias, 
notably Cooley’s anemia and sickle cell 
anemia, the pattern of the bone changes is 
usually quite different. (4) The same can 
be said for Albers-Sch6nberg’s disease (os- 
teopetrosis). 


CONCLUSION 
It has been our experience that when 
splenomegaly and osteosclerosis are pres- 
ent, almost invariably the diagnosis of 
myelofibrosis can be suspected from the 
routine chest examination. The spleno- 
megaly will usually be suggested by the 
elevation of the left diaphragmatic leaf. 
This should alert one to study the bones 
carefully for osteosclerotic changes, which 
can be recognized in the thoracic bones, 
particularly the ribs and vertebrae. 


SUMMARY 


1. The salient features of myelofibrosis 
are discussed. 

2. The clinical findings and course in 
25 patients are described. 

3. The roentgen findings in 20 of the 25 
cases are analyzed. In 58 per cent of these, 
osteosclerosis was present. 

4. The opinion is expressed that the pat- 
tern of osteosclerosis seen in myelofibrosis 
is characteristic of the disease. 

Ted F. Leigh, M.D. 
Emory University Clinic 
Atlanta 22, Georgia 
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OSTEOID OSTEOMA* 
A REPORT ON 80 CASES 


By ROBERT H. 


FREIBERGER, M.D., 


MILTON HELPERN, M.D., and 


BERNARD S. LOITMAN, M.D., 
THOMPSON, M.D. 


NEW YORK, NEW YORK 


IGHTY cases of histologically proved 
osteoid osteoma, 72 from the Hospital 
for Special Surgery and 8 from the New 
York Hospital, were reviewed to determine 
whether signs, symptoms, age, and sex 
distribution reveal a definite pattern; 
whether there is a difference in findings in 
different parts of the skeleton; whether 
there is any evidence of bacterial infection; 
and whether a tabulation of our findings 
correlates with those of other published 
series of cases. Eleven cases reported by 
Lewis” in 1944 are included in this study. 
Jaffe,’ in 1935, proposed the name, 
osteoid osteoma, for what he considered to 
be a benign osteoblastic tumor. His opin- 
ion was contrary to a then widely held be- 
lief that the lesion, which has signs, symp- 
toms, and roentgen findings resembling 
those of a bone abscess, was in fact caused 
by bacterial infection. Although initially 
there was considerable opposition to Jaffe’s 
view of neoplastic etiology, only a few now 
strongly oppose this concept. The most 
outstanding and articulate remaining pro- 
ponent for the theory of infection is Brails- 
ford.' 


REVIEW OF FINDINGS 
SYMPTOMS 


In our series the most prominent symp- 


tom was pain, which represented the chief 


complaint of all patients. Described as dull 
and aching in type, the pain was constant 
and usually worse at night. The pain ap- 
peared to improve with activity and be- 
came worse with rest. It was not always 
localized to the site of the lesion but was 
often, as in 27 of our 80 cases, referred to a 
nearby joint. Since the lesion may not be 


included on the roentgenogram if the ex- 
amination is limited to the painful joint, 
the entire extremity should be examined 
when the symptoms suggest the possibility 
of osteoid osteoma. Relief of pain by small 
doses of aspirin was so common that it was 
regarded as a significant diagnostic feature. 
Unfortunately not all of our patients had 
tried aspirin for the relief of pain; therefore, 
the figure per cent aspirin relief” for all 
patients, cited in Table tv, is lower than it 
would have been if we could have elimi- 
nated those patients who had never taken 
this drug. Although a history of trauma 
was elicited in several of our patients, no 
significant causal relationship could be 
established. The duration of pain varied 
between three weeks and six years before 
the patients sought medical attention. De- 
gree of pain is difficult to evaluate and it is 
our impression that in all cases the degree 
of pain was annoying rather than incapaci- 
tating. 

Although pain was the chief complaint 
in every case, soft tissue swelling was also 
noted by several patients, particularly 
when the lesions were located in the fingers 
or toes. 

SIGNS 

Physical findings varied with the site of 
the lesion. Lesions of the phalanges con- 
sistently presented with marked fusiform 
soft tissue swelling which involved an area 
greater than the bone lesion seen on the 
roentgenograms. In all 9 cases of phalangeal 
osteoid osteomas, there were pain, local 
tenderness, and limitation of motion, but 
no appreciable heat or redness of the over- 
lying skin. 

Lesions of the long bones of the extremi- 


* From the Hospital for Special Surgery, New York Hospital-Cornell University Medical Center, New York, New York. 
Presented at the Fifty-ninth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 30—October 3. 
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TABLE | 


LOCATION OF OSTEOID OSTEOMA 


Location 1945 1947 1944 
Bone Jatte?” Sherman* Lewis?® 

1. Tibia 17 4 3 
2. Femur 14 7 3 
3. Vertebra 4 7 I 
4. Humerus 5 I 
5. Talus 3 I 
6. Phalanx: Hand 2 4 I 
7. Phalanx: Foot 3 3 
8. Calcaneus 2 
g. Fibula 6 I 
10. Radius 
11. Ulna 2 
12. Ilium 
13. Carpal navicular 
14. Tarsals I 
15. Ankle site I 


16. Mandible 

17. Metatarsals 

18. Metacarpals 

19. Patella I 

. Pubis I 
. Rib 

. Scapula 

Ischium 


PP NY WN 
re) 


| 


Total 62 30 11 


ties also produced swelling of the soft tis- 
sues. This was visible in superficial locations 
such as the forearm, anterior tibial region, 
or distal fibula, and palpable in deeper 
locations such as the femoral shaft. Visible 
or palpable swelling was present in 30 cases. 
Point tenderness was frequently elicited 
over the site of the lesion. 

Limp and limitation of joint motion oc- 
curred in 25 of 57 cases of osteoid osteoma 
of the lower extremities. Muscle atrophy, 
weakness, and diminution of deep tendon 
reflexes owing to disuse because of pain, 
were present in 28 cases. These findings 
were conspicuous in the lower extremities, 
and may be misinterpreted as being caused 
by a nervous system disorder.**:?° 

The vertebrae were involved in 3 of our 
patients, all of them children eleven to 
fourteen years of age. Two had the nidus 
in a lamina and one in a transverse process. 


Coley and Dockerty 


1949 195! 1954 1957 


1953 
San- Present 
Jackson!’ 


Lenson® et al,'° karan*® Authors 
16 60 19g 
2 30 52 6 28 

I 20 3 
16 2 
11 2 
I 8 
g I I 
8 2 
3 
5 
2 5 5 
2 3 3 2 
2 
I 
I I 
I I I 
2 I 
I 
I 
I 
2 I I 
I 
10 62 218 72 


All 3 presented with a painful, rigid scolio- 
sis with the concavity of the curve toward 
the site of the lesion. We believe that a 
painful, rigid scoliosis in a child should sug- 
gest the possibility of osteoid osteoma of 
the spine. None of these patients had nerve 
root signs or symptoms, although true 
neurologic symptoms or root pain due to 
nerve root irritation by osteoid osteoma of 
the vertebral laminae have been re- 
ported.*?'# 

Systemic toxicity as reflected by fever, 
elevated blood sedimentation rate, and 
leukocytosis was not encountered. 

Several of our patients who had bone 
and joint pain in one extremity due to 
osteoid osteoma also had concurrent and 
unrelated orthopedic conditions. One, with 
osteoid osteoma in the tibia, who had pain 
in the knee, had bilateral slipped femoral 
epiphyses which had been nailed. A second, 
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TABLE II 


AGE DISTRIBUTION 


.,, Coley and Dockerty Present 
Age (yr.) Jaffe?? Sherman*  Lewis?® ion Jackson'*f Sankaran® 
Lenson et al. : Authors 
O- 5 I 2 2 ( 10 3 6 
) 
6-10 2 9 22 5 13 
15 8 4 60 27 
16-20 5 4 5 BY 56 8 
21-25 14 2 I 36 6 
26 3O 5 2 4 16 2 3 
31-35 I 2 8 4 e) 
36-40 I I I 
Over 40 (41-58) 5 5 
Age not given 3 3 
Total 62 30 11 10 62 218 32 80 


* Mayo Clinic authors. 
+ Review of the literature. 


Fic. 1. (4 and B) Osteoid osteoma in the femur of a seven year old boy. Pain of two years’ duration in the 
right hip and right knee was relieved by aspirin. Anteroposterior and lateral roentgenograms reveal the 
radiolucent nidus asymmetrically surrounded by sclerotic bone. 
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TaB_e III 


SEX DISTRIBUTION 


Jaffe?” Sherman“ 
Males 42 20 
20 10 
Total 62 30 
Approx. sex ratio, 
Male/Female 2:1 


* Approximate (breakdown). 


with an osteoid osteoma in the greater fe- 
moral trochanter, had Legg-Perthes disease 
involving the same hip. A third, with oste- 
oid osteoma in the proximal femur, had a 
benign cortical defect in the distal portion 
of the same bone. A fourth had an osteoid 
osteoma and an osteochondroma in the 
same femur. 


SEX, AGE, AND RACE DISTRIBUTION 


Sex distribution in our series is approxi- 
mately 2 males to 1 female. This conforms 
with all of the published series, where males 
predominate over females in ratios of 2 
to 

Osteoid osteoma is found in the younger 


Fic. 1. (C) Roentgenogram of the excised bone 
specimen shows a partially calcified nidus. 


.,,  Coleyand Dockerty , Present 
) 1 
Lewis? 
Lenson et al. Authors 
8 10 46* 27 5 
I] 10 62 32 80 
10:0 vey 2:1 


age group. Seventy-five per cent (60) of 
our patients were in the age range of five to 
twenty years, approximately gO per cent 
(71) were below twenty-five years of age. 
The youngest patient was seventeen 
months old and the oldest was fifty-six 
vears old (Tables 1 and 11). 
Race distribution is not mentioned 

published reports. No Negro patients were 
found in this series. 


ROENTGENOGRAPHIC FINDINGS 


The characteristic roentgenogrz iphic 
pearance of osteoid osteoma consists of < 
radiolucent center representing the nual 
nidus, surrounded by a zone of radiopacity 
representing the perifocal sclerotic bone. 
The size of the nidus and the width of the 
sclerotic zone vary greatly depending upon 
anatomic location and possibly the age of 
the lesion. In small bones such as _ phal- 
anges, metacarpals, and metatarsals, the 
tumor tends to expand the bone causing a 
fusiform widening of the shaft which is due 
to circumferential periosteal new bone for- 
mation. A similar effect is observed in le- 
sions of the vertebral arches and processes. 
In these bones and also in the tarsals, 
roentgenograms frequently reveal a large, 
dense center representing nidus ossification 
separated from the surrounding sclerotic 
bone by a rim of radiolucency representing 
unossified nidus. Less prominent nidus 
calcification can usually be demonstrated 
in all other osteoid osteomas if good quality 
spot roentgenograms and laminagrams are 
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Fic. 1. (D and £) Photomicrographs. Osteoid trabeculae lie in a stroma of vascular connective tissue. No 
marrow is present. There is no cellular infiltrate to suggest infection. 


available. Subperiosteal and cortical lesions 
within long tubular bones cause localized 
periosteal reaction producing asymmetric 
smooth thickening of the cortex of the in- 
volved side. An intramedullary nidus may 
produce little or no bone contour disturb- 
ance. The nidus need not be in the center 
of the area of bone sclerosis and is fre- 
quently seen eccentrically at the edge of 
the sclerotic bone area on the roentgeno- 
gram. We have observed several intracap- 
sular lesions, particularly in the femoral 
neck, which were superficial in location but 
which produced no bulging of the bone 
contour and little or no reactive sclerosis 
around the nidus. This appears to be re- 
lated to the phenomenon of absence of 
roentgenographically demonstrable perios- 
teal callus formation intracapsular 
fractures, as exemplified by femoral neck 
fractures, because of a difference in bone- 


producing ability between intra and extra- 
capsular periosteum. 

Maturity or age of the lesion has been 
inferred by other observers from the follow- 
ing roentgenographic features: A large 
nidus, a widened sclerotic zone of surround- 
ing bone, increased density of this bone to 
the point of obscuration of the nidus on 


TABLE IV 


PRINCIPAL SIGNS AND SYMPTOMS 


Per Cent 


Signs or Symptoms 
Cases of Cases 
Pain 80 100 
Night pain 27 34 
Joint pain 27 34 
Muscle atrophy 28 35 
Local swelling 30 38 
Limp 25 31 
Aspirin relief 25 31 
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Fic. 2. Pain and marked swelling of the second finger of nine months’ duration in a fourteen year old boy. 
The marked soft tissue swelling (4), and the densely calcified nidus and widening of the bony phalanx 
(B) are typical of phalangeal osteoid osteomas. 


routine roentgenographic examination, and 
central calcification of the nidus. A review 
of our roentgenograms showed no correla- 
tion between roentgen appearance and 
duration of symptoms. 
TECHNIQUE 

Special techniques are helpful in demon- 
strating and localizing the nidus. A nidus 
hidden by dense surrounding bone on 
routine roentgenograms can frequently be 
delineated by employing overpenetration 
with increased kilovoltage and using the 
Bucky diaphragm. Various oblique and 
tangential projections may be indicated. 


By far the most satisfactory method of 


depicting morphologic detail is laminag- 
raphy. This may also be useful in exact 
localization of lesions. 

Roentgenographic localization of the 
tumor in the operating room to facilitate 
en bloc removal, and examination of the 
excised bone block to confirm the presence 
of the nidus is a valuable procedure and has 
become routine at this center. 


GROSS AND MICROSCOPIC EXAMINATION 


At operation inflammatory changes of 
the adjacent soft tissues are seen, particu- 
larly with superficially placed osteoid oste- 
omas. When subperiosteally located or ex- 
posed by removing the overlying cortical 
bone, the nidus presents itself as a dark 
red, vascular focus. When the lesion is 
deep, no visual localization may be possible 
and a bone block containing the nidus is 
removed with roentgenoscopic guidance in 
the operating room. In intracapsular loca- 


TABLE V 


DURATION OF SYMPTOMS 


Time No. of Per Cent 
Cases of Cases 
o-6 mo. 20 25 
6 mo.-I yr. 28 35 
‘yr. 16 20 
2 plus yr. 10 12 
Uncertain 6 8 


Total 80 100 
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Fic. 3. Osteoid osteoma of the lamina of the second 
lumbar vertebra. Pain and a rigid scoliotic curve 
with concavity toward the lesion was present here 
and in 2 other cases of vertebral osteoid osteoma 
we have observed. Note the enlargement of the 


transverse 
lamina. 


adjacent to the involved 


process 


tions, as in the femoral neck, marked 
synovitis with increased synovial fluid has 
been observed. 

The lesion has a distinctive appearance. 
A dark red, circular or oval center is sur- 
rounded by an ivory white margin of dense 
bone. Microscopically, the nidus consists 
of osteoid tissue supported by a very vas- 
cular connective tissue stroma. It is sur- 
rounded by dense bone trabeculae which 
extend into the osteoid tissue at its mar- 
gins. The nidus usually contains calcified 
osteoid tissue which has been converted 
into atypical bone. It never contains bone 
marrow. There is no polymorphonuclear 
cell infiltration, no pus, and nothing to sug- 
gest infection. Culture produces no growth 
of bacterial organisms. 


TREATMENT 
All cases cited here were treated by surgi- 
cal excision of the nidus as soon as the pre- 
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sumptive diagnosis of osteoid osteoma was 
established. The removed specimen was 
studied for demonstration of the nidus his- 
tologically in all cases and roentgenologi- 
cally in some. In all cases permanent 
relief of symptoms was obtained after com- 
plete excision of the nidus. Symptoms 
persisted whenever the nidus was not com- 
pletely removed. Reoperation and com- 
plete removal of the residual nidus brought 
about complete relief of symptoms. Four 
of our patients required two operations and 
one patient three operations for complete 
removal of the nidus and permanent relief 
of symptoms. 

Two patients received a course of radia- 
tion therapy with low (anti-inflammatory) 
doses prior to admission to this hospital. 


Fic. 4. Osteoid osteoma of the femoral neck in a 
nineteen year old male who complained of pain of 
nine months’ duration, which was relieved by 
aspirin. The nidus is barely visible. There is no 
appreciable bone sclerosis except for slight thicken- 
ing of the cortex at the inferior and medial aspect 
of the femoral neck. Operation revealed marked 
synovitis and a subperiosteal nidus. A roentgeno- 
gram of the operative specimen (insert) shows 
calcification of the nidus which is not visible on the 
preoperative roentgenogram. 
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Fic. §. (4-D) Osteoid osteoma of the distal fibula in a fourteen year old boy. The nidus is densely calcified, 
bone sclerosis and periosteal reaction are totally lacking. At operation the nidus was subperiosteal in 
location and at least partially within the ankle joint capsule. The joint was entered during removal of the 
nidus and synovitis with increased amount of fluid was noted. 


No objective or subjective improvement 
or change was noted following this treat- 
ment, which is not advocated by us or in 
any of the reports in the literature. All of 
our patients have been followed for at least 
one year after surgery. 
NATURAL HISTORY 

The natural history of osteoid osteoma 
is difficult to ascertain because an absolute 
diagnosis can be made only by surgical ex- 
cision and histologic demonstration of the 
nidus. When this stage is reached, however, 
the disease has been cured. There is, never- 
theless, good circumstantial evidence that 
spontaneous regression occurs. The fact 


that this nonfatal process is predominant 
in the young age group and relatively non- 
existent in the aged supports this hypothe- 
sis. If we accept clinical and roentgen diag- 
nosis, then we may cite a few reports of 
spontaneous cures in the literature. One 
well-documented case with a lesion in the 
tibia had pain for seven years with gradual 
amelioration. Many years later sclerosis of 
the bone persisted but the nidus could not 
be demonstrated.” 

Two patients from the Hospital for 
Special Surgery who are not included in 
this series had a clinical and roentgen diag- 
nosis of osteoid osteoma but became symp- 
tom free without surgical intervention. 
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Fic. 6. (4 and B) Osteoid osteoma of the os calcis in an eleven year old girl with pain and ankle swelling 
of one year’s duration. (C) A densely ossified nidus, appearing like a marble on the photograph above 
the 4 cm. mark, is seen surrounded by a thin zone of unossified nidus on the roentgenograms. Sclerotic 


bone surrounds the nidus. 


One was a twelve year old boy with pain in 
the right leg and knee. Roentgenograms 
showed bone sclerosis surrounding a small 
and radiolucent nidus in the right tibia. 
Pain subsided without treatment after 
two and one-half years. Roentgenograms 
taken four and one-half years after the 
onset of symptoms showed minimal bulging 


of the cortex of the tibia at the site of the 
former lesions but no evidence of a nidus. 
The second case is that of a twenty-nine 
year old woman who had a clinical and 
roentgen diagnosis of osteoid osteoma of 
the proximal left femoral shaft with pain 
for a period of nine years from 1936 to 1945. 
The patient has had no pain or discomfort 
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lic. 7. (4) Presumed osteoid osteoma of the right tibial shaft in a twelve year old boy with pain of one 
year’s duration, relieved by aspirin. Tenderness and swelling were present over the anterior tibia at its 
midportion. There was no evidence of infection. Operation was refused. Pain completely subsided within 
two and a half years. (B) A comparison of the right and left tibia at age seventeen, five years after the 
initial examination, shows only minimal cortical thickening anteriorly in the mid-portion of the right 
tibia. The nidus could no longer be demonstrated at this time. This illustrates spontaneous regression of a 


presumed osteoid osteoma of the tibia. 


in the past twelve years. Roentgenograms 
in 1952 showed persistence of bone sclerosis 
and cortical thickening but no evidence of 
a nidus. 

It appears that eventual spontaneous 
healing with gradual disappearance of pain 
does occur in the natural progression of 
this disease. The few cases which have been 
reported indicate that the nidus disappears 
but that some bone sclerosis and cortical 
thickening persists. Since the duration of 
pain and the natural progression of the 
disease are so unpredictable, we feel that 
surgical excision is the treatment of choice. 

DIFFERENTIAL DIAGNOSIS 

The differential diagnosis must include 
all diseases producing bone sclerosis with 
or without a central radiolucency. The 
most important of these, closely resembling 


osteoid osteoma, is a chronic bone abscess. 
Other conditions which must be considered 
but which generally offer less difficulty in 
differentiation are the following: acute and 
chronic bone infection, benign and malig- 
nant bone tumors, fibrous dysplasia, be- 
nign bone cysts, and healing fractures. 
Brodie’s abscess is a chronic bone infec- 
tion consisting of a central radiolucent 
abscess cavity surrounded by dense reactive 
sclerotic bone. Pain may be identical to 
that of osteoid osteoma. Systemic and 
laboratory findings may be within normal 
limits or may give evidence of infection, de- 
pending upon the virulence of the infecting 
organism. A pyogenic organism of low 
grade virulence is found on culture, and 
histologic examination discloses evidence 
of infection. Bone abscesses are often mul- 
tiple, whereas none of our patients had 
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more than one osteoid osteoma. We believe 
that the roentgen demonstration of calci- 
fication in the radiolucent zone is practi- 
cally pathognomonic for osteoid osteoma 
and is not seen in Brodie’s abscess. 

Tuberculous bone abscess is becoming a 
rare condition. It is generally associated 
with pulmonary tuberculosis, but by itself 
it may be roentgenographically indistin- 
guishable from osteoid osteoma. It presents 
no diagnostic problem on laboratory and 
microscopic examination. 

Garrés sclerosing osteitis, according to 
the literature, is a nonsuppurative osteitis 
which consists of an area of cortical bone 
thickening and sclerosis without the radio- 
lucencies of either abscess or nidus. The 
sclerosis is attributable to inflammation 
producing reactive bone. We have had no 
experience with this lesion. 

Syphilitic osteitis is primarily a perios- 
teitis and hyperostosis appearing first in 
the tubular bones. This usually involves 
large areas of bone which may be permeated 
with irregular osteolytic areas representing 
miliary gummata. 

Malignant tumors of bone such as osteo- 
genic sarcoma, chondrosarcoma, and 
Ewing’s sarcoma in early stages of growth 
may produce destruction and sclerosis in 
bone which may superficially resemble 
osteoid osteoma. This, however, is an 
atypical appearance and multiple projec- 
tions would undoubtedly disclose the dis- 
tinguishing malignant features of these 
tumors, such as bone destruction, infiltra- 
tion, and irregular periosteal reaction. It 
must be emphasized that osteoid osteoma 
never produces the irregular infiltrative 
areas of bone destruction associated with 
malignant bone tumors, nor does it produce 
soft tissue invasion or destruction of perios- 
teal new bone. 

Benign bone lesions such as fibrous dys- 
plasia, enchondroma, and simple and ane- 
urysmal bone cyst show distinguishing 
characteristics of their own. They usually 
offer no serious differential diagnostic prob- 
lem and do not warrant further discussion. 
Bone islands, also referred to as enostoses, 
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are areas of nonreticulated bone. They are 
frequently multiple, do not contain a cen- 
tral radiolucency, do not cause cortical 
thickening, and are asymptomatic. Eosino- 
philic granuloma may occasionally imitate 
the clinical and roentgen findings of osteoid 
osteoma. As a rule the radiolucent portion 
of the granuloma is larger than the average 
osteoid osteoma nidus, and surrounding 
bone sclerosis is unusual. The eosinophilic 
granuloma frequently produces a smooth 
erosion defect in the endosteal surface of 
the involved long bone, a feature not seen 
in osteoid osteoma. 


CONCLUSION 


The salient features of 80 histologically 
proved osteoid osteomas have been tabu- 
lated, discussed, and compared with other 
published series of cases. Our findings sup- 
port Jafte’s contention that the lesion is 
not due to infection. Evidence pertaining 
to the natural course of the disease has 
been reviewed and it is concluded that 
surgical excision of the entire nidus is the 
proper treatment since it provides immedi- 
ate and permanent relief of symptoms. 


Robert H. Freiberger, M.D. 
Hospital for Special Surgery 
535 East 7oth Street 

New York 21, New York 
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RADIATION INDUCED DYSPLASIAS OF BONE* 


By PHILIP RUBIN, M.D.,¢ J. ROBERT ANDREWS, M.D.,t 
RICHARD SWARM, M.D.,§ and HAZEL GUMPt 


_ process of bone growth is a highly 
complex biologic phenomenon. At the 
ends of long bones, two systems inter- 
digitate to maintain and regulate the nor- 
mal development of bone. One system, 
which may be referred to as cartilage pro- 
duction and absorption, is poorly under- 
stood and slight alterations lead to pro- 
found osseous changes. The other is the 
process of bone production of which more is 
known metabolically by virtue of analyses 
of blood, bone and enzyme constituents but 
which remains an enigma in many funda- 
mental aspects. 

It has long been appreciated that as 
long bones grow there are areas of physio- 
logic destruction occurring simultaneously. 
That is, a shaping or modeling process is 
acting, as new bone is formed at the ends of 
shafts to maintain the typical tubular ap- 
pearance of the diaphysis. It is felt that 
studies designed to induce modifications of 
either cartilage growth, chondroclasis, os- 
teogenesis, or bone absorption by ionizing 
irradiation may contribute to an under- 
standing of the dynamics of bone modeling. 
An experimental program of selective ir- 
radiation of specific sites in long bones in 
rats has therefore been undertaken with 
internal and external sources. 


REVIEW OF BASIC HISTOLOGY 


Although the physiology of endochondral 
bone formation is not yet completely under- 
stood, the histologic features are well- 
known. To avoid ambiguity of terms and to 
simplify the descriptive paragraphs to fol- 
low, a normal illustration is shown based on 
the nomenclature in Bailey’s “Textbook of 
Histology.’”! 

There are 5 zones which can readily be 


identified in the epiphyseal-metaphyseal 
area (Fig. 1). These are as follows: 

1. 4 zone of reserve cartilage. This narrow 
zone 1s composed of a primitive type of 
hyaline cartilage. Cell division and matrix 
formation occur and give rise to 
mother cells.” 

2. A zone of cell multiplication. This zone 
is formed of rows of cells, each row result- 
ing from a cell in the reserve cartilage. Each 
row consists of 2-16 cells arranged parallel 
to the long axis of the cartilage. The 
lacunae containing the daughter cells are 
broad but flattened as are the cells. By 
division and row arrangement, the length 
of cartilage is increased more than its 
diameter. 

3. A zone of cell and lacunar enlargement. 
Cell multiplication has ceased and lacunar 
enlargement occurs giving a cuboidal ap- 
pearance to cells. This still further increases 
the length of rows and correspondingly in- 
creases the length of cartilage in this region. 

4. d zone of cartilage calcification. \t is 
here that changes in matrix occur and cal- 
cium salts are deposited in the longitudinal 
walls or septa between the orderly columns. 

5. 4 zone of cartilage removal and bone 
deposition. In the outer part of this zone, 
the cartilage separating the cells within a 
row undergoes destruction, probably 
through the action of growing capillary 
tufts from the primitive marrow cavity. 
Further towards the marrow cavity the 
calcified walls of these canals are absorbed 
by osteoclasts though some remnants re- 
main as delicate trabeculae which act as a 
base upon which new bone is formed. 
Osteoblasts appear on these remnants and 
osteoid and new bone are laid down. These 
processes are well balanced and orderly so 
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that there is a constant relationship be- 
tween cell multiplication, cell growth, 
matrix-mineralization, chondroclasis and 
deposition of new bone. 


DESCRIPTION OF ANIMAL EXPERIMENTS 


“The changes in bone due to radiations 
applied internally or externally are simi- 
lar’ according to Heller? in her discussion 
in Bloom’s “‘Histopathology of Irradiation.” 
The radiobiologic processes subsequent 
to insult by irradiation are damage, repair 
and regeneration. That these follow a con- 
sistent pattern with some variation accord- 
ing to dosage is borne out by the parallel 
histologic and roentgenographic findings 
noted in bones so exposed. Studies with 
rats along these lines were repeated herein, 
utilizing different radioisotopes and a more 
localized form of external irradiation, and 
have led to a modification of this concept. 
The reason for this is that the distribution 
of the dosage determines the specific pro- 
cess and site affected, just as the amount of 
radiation determines the severity of the 
response. 


I. INTERNALLY ADMINISTERED IRRADIATION 


Metabolized radioisotopes in large quan- 
tities may upset normal systems ranging 
from an entire organism to selected areas. 
It is well recognized that certain radio- 
isotopes show a remarkable affinity for con- 
centrating immediately after injection in 
bone crystal and matrix. Various ap- 
proaches’ to the subject have led to the 
conclusion that these phenomena result 
from a number of distinct processes: rapid 
ionic exchange on crystal surfaces, slow in- 
corporation of ions within crystals by re- 
crystallization, and the formation of new 
crystals during growth and reconstruction 
of bone. This group consists of such agents 
as strontium, radium (alkaline earths) and 
plutonium and thorium (rare earths). In 
contradistinction to these bone seekers is 
S* which combines as sulfate in the chon- 
droitin sulfate of the ground substance of 
cartilage and is therefore a cartilage seeker. 
The material is so presented as to show the 
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Fic. 1. The five histologic zones of the normal 
epiphyseal-metaphysea! area of tubular bone. 


effect of large quantities of these two types 
of radioisotopes on bone modeling. The 
technical factors of administration of bone 
seeking! and cartilage seeking* isotopes has 
been recorded. 

1. Bone Seekers. The similarity of the re- 
action in bone produced by most of the in- 
ternally administered isotopes reported, 
i.e., beta-emitters (Y°°, Sr*°, P®*) and alpha- 
emitters (radium and plutonium), is due to 
the fact that they are bone seekers. They 
are deposited in Zones 4 and 5 where car- 
tilage and osteoid are calcified (Fig. 2c). 
These elements act as exchange products 
for calcium and phosphorus and are laid 
down in place of calcium phosphate 
apatites, the mineral building blocks of 
bone. The effect varies with dosage accord- 
ing to many authors, but by altering the 
dosage with each isotope a similar reaction 
can be produced. 
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Fic, 2. (@) H and E stain of humerus of S* treated rat. (4) Autoradiograph of S* treated rat showing maxi- 
mum activity in the zones of cartilage cell proliferation (Zones 1, 2 and 3) of the metaphysis. (¢) Auto- 
radiograph of a bone seeking isotope (plutonium) showing localization in Zones 4 and $, where cartilage 
and osteoid are calcified. The clear area above the blackening is the epiphyseal plate (Zones 1, 2 and 3). 
(Courtesy M. Heller.) (¢ is reproduced by permission from Bloom’s “‘Histopathology of Irradiation.”’) 


The events following exposure to irradia- 
tion are damage, repair and regeneration. 
Osteoblasts disappear and interdigitation 
and cartilage production at the epiphyseal 
line decreases, frequently resulting in 
severence of trabeculae and temporary 
arrest of growth in length. It is curious, 
however, that growth resumption takes 
place (Fig. 3a) in the face of continuous 
bombardment with alpha and beta par- 
ticles. After the growth processes are re- 
sumed, they are more abnormal, start later, 


and take longer to reach a certain level. 
Roentgenograms (Fig. 4a) show a dense 
white line in the shaft which presumably 
is “old spongiosa” and marks the meta- 
physeal area (Zones 4 and 5) at the time of 
insult. This appearance is not unlike the 
transverse lines encountered in clinical 
roentgenograms following heavy metal in- 
toxication. The physiologic alteration 1s 
caused by a failure in the absorptive proc- 
esses; that is, a lack of osteoclasts and/or 
marrow invasion via capillaries. In addi- 
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Fic. 3. (a) Microscopic section of femoral metaphysis of Sr® treated rat shows the dense band as the old 
metaphysis and normal regrowth of cartilage. (Courtesy G. Casarett.) (4) Microscopic section of femoral 
metaphysis of S* treated rat shows total disorganization and vacuolation of cartilage cells. 


tion, the shafts are narrowed due to dep- 
osition of the isotope in the cortical areas 
which tends to interfere with the regular 
osteoblastic activities at this site. 

2. Cartilage Seeker. Radioactive sulfur 
(S*) is deposited in the ground substance 
of cartilage in the form of chondroitin 
sulfate. Autoradiographs show maximum 
activity in the zones of cartilage cell pro- 
liferation (Zones 1, 2 and 3) of the metaph- 
ysis (Fig. 24). The damage that follows 
histologically is reflected in the vacuoliza- 
tion and atypical growth pattern of car- 
tilage cells (Fig. 34). The lack of bone for- 
mation is not a direct effect of irradiation 
per se but indirectly due to the cessation 
of cartilage proliferation. This can be seen 
on roentgenograms as early as ten days 
after the injection of S* as a zone of de- 
creased density below the epiphyseal line 
where normal mineral deposition occurs. 
Morphologically, the band of rarefaction 1s 
the opposite and antagonist of the trans- 
verse band of increased density.‘ 

Subsequent serial roentgenograms show 
not only a cessation of bone growth but a 
profound alteration in modeling of bone 
unlike that encountered with the bone- 
seeking isotopes (Fig. 44). Despite the 
complete arrest of growth in the epiphyseal- 
metaphyseal area, there is continued dia- 
physeal growth which progresses normally 


(Fig. 5). This reflects the deposition pat- 
tern of S* in that the diaphysis is relatively 
free of chondroitin sulfate and expands by 
intramembranous bone formation. Thus, 
the shape of the long bones due to lack of 
tubulation presents a rectangular appear- 
ance. The over-all configuration suggests 
achondroplasia in that the most striking 
changes are in the proximal shafts, 7.e., fe- 
mur and humerus, but detectable changes 
occur in the tibia and the radius. The skull 
is a membranous structure and shows little 
change. 


Il. EXTERNALLY ADMINISTERED IRRADIATION 


In an attempt to regulate dosage more 
accurately, an experiment was designed to 
externally irradiate selected segments of 
tubular long bones with a similar quantity 
of irradiation. Protraction or fractionation 
in time of external irradiation to simulate 
the more prolonged internal irradiation is 
impossible since the metaphyseal region is 
growing rapidly at this age. Thus, the same 
area would not be re-irradiated a week 
later. To deliver an equivalent dose in 
terms of the biologic effect desired, it was 
necessary to apply the treatment in one 
séance. 

Technique. Osborne Mendel rats of the 
same age and weight were completely 
shielded in a lead box. A specially marked 
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Fic. 4. (2) Roentgenogram of a bone seeking Sr treated rat shows the dense transverse lines which repre- 
sent “old spongiosa” and mark the metaphyseal region at the time of insult (three months of age). (Cour- 
tesy L. Tuttle.) (2) Roentgenogram of S* animal shows profound alteration in modeling of bone (three 
months of age). 


lucite block was grooved to accept a limb the limb to be protected was shielded by 
which was kept rigid by a sling-like device lead strips (Fig. 6c). Repeat check up 
about the foot without compromising its roentgenograms were taken before and 
circulation (Fig. 6a). Localizing roentgeno- after irradiation to be certain that only the 
grams were taken (Fig. 64) and the area of area of interest was irradiated (Fig. 7). 


Fic. 5. The continued diaphyseal growth in S* rats despite arrest at the epiphyseal-metaphyseal area 
gives the bones an apparent lack of tubulation or a rectangular shape. Compare tibial and femoral shafts 
at two months (a) and six months (4). 
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Approximately 60 rats were grouped for the 
following cig > sites of irradiation: (1) 
whole bone; (2) epiphyseal only; (3) wor 
physeal a (4) diaphyseal only; ; and | 
controls. The factors utilized were 200 a 
0.25 mm. Cu and 0.5 mm. Al filter, 25 cm. 
focal skin distance, and 341 r/min. output. 
A single dose of 2,400 r was given since our 
own studies and those reported in the 
literature indicate that complete cessation 
of chondrogenesis and osteogenesis occurs 
at this level. 


RESULTS 


In all groups of animals treated either by 
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Fic. 6. (a) Localizing technique for external 
irradiation consisted of a specially marked 
lucite block grooved to accept a limb. The 
rats were shielded in a lead box. (4) Roent- 
genogram of the arrangement. (c) The area 
to be protected was shielded by lead strips. 


internal or external irradiation, serial 
roentgenograms and _ histologic sections 
were obtained. Measurements where re- 
corded were taken from roentgenograms 
with calipers. 

The results obtained by external irradia- 
tion (Fig. 8) were as follows: 

Whole Bone Irradiation. There was 
virtually complete cessation of bone growth 
in a matter of days. The shaft remained 
extremely delicate in appearance, fractur- 
ing readily and resembling severe osteo- 
genesis imperfecta on roentgenograms. 
With the failure of endochondral bone for- 
mation and intramembranous processes in 
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7. Check up roentgenograms before and after irradiation were made on each animal to ascertain that 


only the area of interest was irradiated. An example of each selected site of irradiation is shown. Right to 
left: whole bone, epiphyseal only, metaphyseal only, and diaphyseal only. 


the diaphyses, the bones retained their 
narrowed shape suggesting overtubulation. 
Histologically, there was no apparent 
vascular or muscular damage but apposi- 
tional bone and cartilage activity were ar- 
rested. 
2. Epiphyseal Irradiation. An attempt 
was made to selectively eliminate cartilage 
production in this group and a marked re- 
duction in bone length was seen. Curiously, 
there was marked to slight reduction in 
width as compared with normal bone de- 
velopment. The anticipated changes simi- 
lar to the S*® treated animals did not al- 
ways occur and were related to occasional 
recovery in endochondral proliferation. 
The over-all effect was that of dwarfing 
but there was normal tubulation with either 
a complete lack of constriction or with a 
definite flaring at the metaphyseal area. 
These appearances may be compared to the 
hypoplastic form of achondroplasia (no 
cartilage growth) and the hyperplastic 
variety of achondroplasia (an abortive, 
irregular attempt at endochondral bone 
formation), respectively. 


A check on the accuracy of localization of 


irradiation was the growth of the fibula. In 
the epiphyseally irradiated group the 
fibular epiphysis was excluded, as con- 
trasted to the metaphyseally irradiated 
groups. Thus, the fibula was longer than 
the tibia in this instance and caused some 
bowing. 


Metaphyseal Irradiation. Yo simulate 
Sr®? bone irradiation, Zones 4 and 5 were 
selectively isolated for exposure with an 
attempt to alter osteoclasis and capillary 
invasion. The results showed little decrease 
in length and definite bowing. There was a 
suggestion of a lack of constriction. This is 
difficult to appreciate unless compared with 
the normal extremity as the injured site 
was only 1 mm. in length. This zone of 
constriction which was 1 mm. in width is 
best shown by superimposing the control 
limb (white) and the metaphyseally  ir- 
radiated limb (black) (Fig. 9). By measur- 
ing along the longitudinal axis from the dis- 
tal synostosis of the fibula and tibia proxi- 
mally toward the epiphysis, the widths of 
the tibia were plotted. (The thin line in the 
graph of Figure 9 represents the normal 
limb and the thick line the metaphyseally 
irradiated limb.) A small bulge is seen and, 
as with the Sr*’ animals, represents the old 
metaphysis at the time of injury. 

4. Diaphyseal Irradiation. Following dia- 
physeal irradiation the markedly narrowed 
waist of the mature tibia was accentuated 
by the normal growth of the ends of bone. 
Curiously, the cortex was of normal thick- 
ness, but the marrow cavity was fibrotic 
and narrowed, which may be explained by 
the fact that osteoblastic osteogenesis is 
less sensitive to irradiation than osteoclasis 
and marrow growth. The narrowed waist 
was also the site of transverse fractures in 
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SEGMENTALLY IRRADIATED LIMBS AT SIX MONTHS 


WHOLE EPIPHYSEAL METAPHYSEAL DIAPHYSEAL NORMAL 


these animals. The length of the bones, as 
anticipated, was slightly altered if at all. 
DISCUSSION 

The effects of radiation from radioactive 
elements deposited within the growing 
skeleton are essentially similar to those of 
external irradiation in the radiobiologic 
events studied histologically. This, how- 
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Fic. 8. (2) Roentgenograms from left to right 
are of limbs externally irradiated over the 
whole bone, epiphyseally only, metaphys- 
eally only, diaphyseally only, and of con- 
trol groups. (See text for description.) (4) 
Sketch of abnormally modeled bone at six 
months, depending upon site which was 
externally irradiated and superimposed on 
the control limb. 
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ever, is not true in terms of bone modeling 
and the induction of different growth and 
developmental errors. The factors which 
determine the type of radiation dysplasia 
induced are the intensity of the radiation 
and its distribution, rather than the type 
of radiation per se, i.e., alpha, beta, or 
roentgen rays. 

Reduced to simpler terms, dosage and 


width mm. 


axial 
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Kic. 9. Metaphyseally irradiated limbs show some 
bowing due to a lack of constriction and limited to 
the few millimeters which represent the original 
metaphyseal site injured by irradiation. 


localization are the primary considerations. 
It is postulated that the magnitude of the 
doses of irradiation with Sr*? and S* were of 
a similar order in that they were in the 
lethal range, the mortality rate associated 
with the dosages given being approximately 
LD25/30. Although larger doses were not 
permissible, lower doses tended to parallel 
the higher dose findings. 

In view of the fact that Sr®° is a stronger 
beta emitter than S®* and its rays have a 
longer range in tissue coupled with a longer 
physical and biologic half-life, a more pro- 
found effect on bone growth was antici- 
pated but this did not occur. It would ap- 
pear that the site of localization is critical, 
as seen in autoradiographs. Thus, Sr°? 
treated animals had narrower shafts with 
sites of metaphyseal widening (Fig. 10) 
when superimposed on the normal bone. 
The S* treated bones, when compared in a 
similar manner to the control group, had a 
normal waist but no evidence of constric- 
tion. The short thick shaft is illusory in 
that the diaphyseal activity is accentuated 
against an absent background of endo- 
chondral bone formation. 

Further evidence for the importance of 
the distribution of radiation as compared 
to dosage in bone modeling was afforded by 
the segmental externally irradiated limbs. 
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This would imply that certain specific proc- 
esses in the tubular shafts have been af- 
fected independently of others. 

Thus, epiphyseal irradiated bones (Zones 
1, 2 and 3) exhibited arrest in chondro- 
genesis primarily; the metaphyseal irra- 
diated group (Zones 4 and 5) showed a 
failure in the absorptive processes of cal- 
cified cartilage and bone; and the diaphys- 
eal irradiated animals reflected altera- 
tions in periosteal activity. The modeling 
errors produced have been elaborated upon; 
their clinical implications will be amplified 
in another report. 

The role of ancillary factors such as 
muscular development, peripheral vascu- 
larity and nervous influence have not been 
fully defined in these studies. In whole 
bone irradiation, where the entire limb was 
exposed to the ionizing beam, the muscle 
mass was not smaller. Histologic sections 
showed no alteration of muscle or degenera- 
tion. Aortography showed the peripheral 
vasculature to be the same as that of the 
controls, and microscopically no damage 
was noted. 

In plotting graphically (Fig. 11) the 
lengths of bone in each series irradiated 


Fic. 10. Comparison of sketches of roentgenograms 
of S® and Sr® treated tibias of rats. Superim- 
posed on normal controls, the characteristics of 
the modeling defects are obvious. 
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WEEKS FOLLOWING IRRADIATION 


Fic. 11. Graphic plot of the lengths of bones selectively irradiated as measured by calipers on roentgenograms. 
The growth in length is a function of endochondral bone formation as opposed to periosteal bone. 


externally at a selective site, the essential 
role of endochondral bone formation in in- 
creasing bone length was again confirmed. 


Of interest was the fact that irradiation of 


Zones 1, 2 and 3 alone, and Zones 4 and 5 

alone produced a degree of dwarfing which 

was neatly summated when both sites were 

irradiated. The retardation of growth by 

altering periosteal activity was negligible. 
SUMMARY 

1. Various forms of selective irradiation 
have been employed to induce modifica- 
tions in cartilage growth, chondroclasis, 
osteogenesis and bone absorption. 

2. Bone seeking isotopes in large doses 
produce zones of underconstriction in the 
metaphysis due to a failure in the absorp- 
tive processes, 7.¢., osteoclastic activity and 
marrow invasion via capillary growth. 

3. Cartilage seeking isotopes in large 
doses arrest chondrogenesis and endo- 
chondral bone formation resulting in achon- 


droplastic type bones. 

4. Segmental external irradiation pro- 
duces a variety of errors in bone modeling, 
depending upon the physiologic process al- 
tered. 

5. Epiphyseal irradiated bones (Zones 
1, 2 and 3) exhibit an arrest in chondro- 
genesis primarily; the metaphyseal ir- 
radiated group (Zones 4 and 5) shows a 
failure in the absorptive processes of calci- 
fied cartilage and bone; and the diaphys- 
eal irradiated animals reflect alterations in 
periosteal activity. 

Philip Rubin, M.D. 
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CLINICAL CONCEPTS IN BONE MODELING* 


By PHILIP RUBIN, M.D.,¢ and LUCY SQUIRE, 


M.D. 


ROCHESTER, NEW YORK 


S TUBULAR bones increase in length, 
a progressive concentric decrease in 
the caliber of the shaft is noted in pass- 
ing from the end to the middle of the 
bone. The processes involved in maintain- 
ing this normal configuration of the shaft 
have been called modeling, constriction and 
tubulation.® “Errors” or “‘alterations’” in 
bone modeling have been described by 
some;* others*’ use “‘overtubulation” and 
“andertubulation” in lieu of the afore- 
mentioned words in certain clinical situa- 
tions. The inappropriateness of utilizing 
these terms interchangeably becomes evi- 
dent when applied to the physiologic de- 
velopments and growth disturbances in 
bone dysplasias. 

In this report, an attempt is made to 
correlate the above terms with their an- 
atomicophysiologic counterparts. In brief, 
the shaft of a long bone grows in two direc- 
tions—width and length. The regulating 
processes in width are referred to as model- 
ing. The term constriction is more appropri- 
ate to the events occurring in the meta- 
physeal area. The term ¢ubulation would 
perhaps better be reserved for the activity 
of the diaphysis and should not be inter- 
changed with constriction. This is contrary 
to the usual usage of these terms where no 
distinction is made. 


CONTRIBUTIONS TO CONCEPTS OF 
BONE MODELING 

The earliest macroscopic observations 
on the structural development of bone are 
found in the marker experiments of Hale 
and Duhamel! (1742). These authors noted 
that madder fed to pigs stained their bones 
red and upon withdrawal of this substance 
from their diet, new bone covered the old 
bone (Fig. 1). However, it was Hunter® 
(1770) who, using this technique, intro- 
duced the concept of “remodeling of bone.”’ 


He described two processes: the deposition 
of new bone, such as occurs in the perios- 
teal region of the shaft of long bones, and 
the growth at the metaphyseal ends. The 
processes which concurrently molded the 
long bones into their predestined shape 
were the absorption of the outer metaphys- 
eal bone by periosteal activity and the 
marrow erosion of the inner surface of the 
shaft. 

Following this, came contributions from 
the research microscopic studies of Goodsir® 
(1845) and Virchow'’ (1860) indicating 
that the formation of bone was a function 
of a specialized cell, the osteoblast. The 
ideas of endochondral bone formation and 
intramembranous bone formation were 
born and extended. Then, Kolliker™ 
(1873) described the cellular macau of 
bone destruction, noting the presence of 
large multinucleated giant cells which he 
termed osteoclasts. By mapping out the 
distribution of these cells over the external 
surfaces of the bones of calves, he observed 
that remodeling occurred in the metaphys- 
eal area where their concentration was 
greatest. 

Through the first half of this century, 
numerous investigators have added to the 
understanding of the general histologic 
features of this process. Lacroix’ (1950) has 
recently summarized these in his detailed 
monograph. In addition, he has shown by 
his transplantation experiments that the 
proliferation and growth of the epiphyseal 
cartilage constitute the moving force of 
endochondral ossification. He has also de- 
veloped the thought that the hypertrophied 
cartilage cells actually induce the surround- 
ing connective tissue to vascularize the 
primary spongiosa. With specific regard to 
modeling, he stressed the importance of a 
cylindrical collar of membrane bone—the 
perichondrial ring—which is immediately 
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adjacent to the metaphyseal spongiosa. 
This structure, by continued apposition at 
one margin and resorption at the other, 
plays a vital role in determining the con- 
figuration of the shaft. 

With the advent of radioisotopes, a finer 
method of detailing the dynamic aspects of 
bone growth has been recorded in auto- 
radiographs of histologic sections. Not un- 
like the madder feeding experiments in 
principle, many authors’: have confirmed 
and extended the knowledge of remodeling 
in various regions of the shafts of long bones 
by using alkaline earth (calcium 45, stron- 
tium go) and rare earth (yttrium 89, polo- 
nium) isotopes. The former group tends to 


be deposited in the primary spongiosa 
(Zone 4 mainly, see Fig. 2) where new crys- 


tals are formed and endosteally, whereas 
the latter group has an affinity for absorp- 
tive processes in Zone 5 or the secondary 
spongiosa and periosteum. 

The active role of the osteoclast as the 
vital component in the resorptive process 
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1. Historical review of contributions to bone modeling. 


of bone is given special impetus in the plu- 
tonium studies of bone remodeling by 
Arnold and Webster.! After the fourth day 
following the administration of plutonium, 
this element was concentrated in all but a 
few osteoclasts. The concentration was 
enormous in certain osteoclasts along and 
at the tips of trabeculae in the distal fem- 
oral metaphysis. The osteoclasts along the 
periosteal surface of the distal femoral 
metaphysis contained somewhat higher 
concentrations of plutonium than those 
along the surfaces of the trabeculae at the 
same level. Although it is reasoned that the 
volume of bone resorbed per unit time per 
individual osteoclast is greater beneath the 
periosteum, the activity at the trabecular 
surfaces probably exceeds that at the per- 
iosteum purely as a function of surface 
area. 

Another interesting example of insight 
gained via this technique is the eccentric 
development of the femoral shaft shown 
by the complete remodeling of the posterior 
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NORMAL BONE MODELING 


Fic. 2. In the proposed concept of bone modeling, 
tubular shafts are divided into three areas: the 
epiphyseal area, the metaphyseal area and the 
diaphyseal area. The vectors of growth are in- 
dicated by the arrows. 


wall of the bone as opposed to the incom- 
plete absorption of the anterior wall in the 
rat by Tomlin e¢ a/.!° Autoradiographs at 
thirty days indicated that the anterior wall 
is retained and covered over by new perios- 
teal and endosteal bone. 

In the present study, radioisotopes and 
localized external irradiation have been 
demonstrated to alter the modeling proc- 
esses in tubular bone. Production of a va- 
riety of radiation induced dysplasias shows 
that certain applications to clinical dys- 
plasias are feasible. 

PROPOSED CONCEPT OF 


BONE MODELING 


In the concept of bone modeling to be 
outlined, tubular bones are divided into 
three areas: the epiphyseal area, metaphys- 
eal area, and diaphyseal area (Fig. 2). These 
three areas are commonly referred to clin- 
ically in classifying dysplasias and it ap- 
pears appropriate to describe the role of 
each in the complex process of bone model- 
ing. 

Epiphyseal Area. This refers to the site 
of endochondral bone formation or Zones 
1, 2 and 3 of the anatomic description of 
the metaphyses. By cellular division and 
growth, the cartilage disk increases in 
length and diameter. Thus the normal 
tendency in this area is toward expansion 
rather than constriction. This does not in- 
clude the epiphysis itself, which grows by 
the peripheral apposition of new bone un- 
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der the articular cartilage, no growth occur- 
ring at the base juxtaposed to the epiphys- 
eal plate (Zones 1, 2 and 3). This has been 
conclusively demonstrated in patients re- 
ceiving phosphorylated cod liver oil at 
intervals. 

Metaphyseal Area. The normal tendency 
at this site is toward constriction by proc- 
esses of internal and external erosion. In 
Zones 4 and 5, the cartilage calcifies and 
the transverse septa are dissolved through 
the action of penetrating vascular sprouts. 
Later, the calcified longitudinal partitions 
are resorbed to a greater or lesser degree by 
osteoclasts, and on the remnants of their 
walls bone is deposited. There is a net de- 
crease in bone volume caused by a substitu- 
tion of stronger but fewer trabeculae for 
the numerous early fine ones. It is by these 
absorptive processes that the ends of a 
shaft undergo progressive narrowing in 
lumen and the concave curve deepens as 
one passes toward the middle. If these proc- 
esses are blocked or altered, a lack of con- 
striction or underconstriction occurs. 

Diaphyseal Area. There is a tendency in 
this area to maintain a certain cylindrical 
shape or degree of tubulation. That is, the 
diameter of the diaphysis increases as tubu- 
lar bones grow in length. Proliferation of 
the osteoblasts of the endosteal and perios- 
teal surfaces of the shaft exceeds the inner 
absorption of the shaft spongiosa. This is 
seen in the increased thickening of the cor- 
tex and the widening of the marrow cavity, 
respectively, as bone matures. The concept 
of the cortical shell acting as a shaping 
force to narrow diaphyseal caliber has no 
physiologic basis except in the metaphys- 
eal region as described. 


DYSPLASIAS OF THE EPIPHYSEAL AREA 


Chondrodystrophies_ reflect alterations 
in cartilage metabolism manifested in an 
arrest of endochondral bone formation and 
marked dwarfism. The lack of constriction 
is not a primary event but is secondary to 
an absence of normal cartilage formation. 
Periosteal osteogenesis is unaffected; how- 
ever, the resultant long bones have normal 
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diaphyses, appearing almost rectangular at 
times (Fig. 3). The increased thickness of 
the shaft is illusory. 

In extreme cases of cartilage deficiency, 
i.e., trident deformity, the shafts of the 
short tubular bones may have pointed 
ends. This does not represent true over- 
constriction but rather an accentuated dis- 
parity between absent endochondral and 
normal periosteal intramembranous bone 
formation. Occasionally, the metaphyseal 
area tends to flare. This can be explained 
as an abortive but limited and irregular 
attempt at cartilage proliferation as in the 
experimental studies described. This con- 
cept is at issue with the theory that model- 
ing is a function of the cortical wall and is 
independent of proliferation of cartilage 
at the growth zone and of endochondral 
bone formation. 

Clinical examples?’ of the epiphyseal 
type of dysplasia (Fig. 4) are: 

1. Achondroplasia (Fig. 4a). This is a 
developmental defect resulting in aplasia 
of cartilage. Any growth of chondrocytes 
is disorderly and there is absence of the 
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Fic. 3. Dysplasias of the epiphyseal area: The 
modeling error is described in the literature as over- 
constricted or undertubulated; both terms are 
inappropriate. Constriction is not called into play 
since cartilage proliferation has failed. Tudulation 
or periosteal activity is normal. The resultant 
configuration is a rectangular shaped bone which 
is pointed or flared depending upon the degree of 
cartilage activity. 
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normal palisading arrangement at the 
epiphyseal area. Roentgenographically, the 
femur and humerus are short and display a 
tapered appearance at the ends of the shaft, 
particularly in the hypoplastic variety. 

2. Chondro-osteodystrophy (Morquio’s 
disease) (Fig. 44). This is characterized by 
platyspondylisis, and often by short and 
proportionately thick tubular bones. The 
epiphyseal line is irregular and cartilagi- 
nous rests are noted among the trabeculae. 
The metaphysis as a result of this may ap- 
pear flared on roentgenograms. 

3. Gargoylism (Fig. 4c). This is classified 
with the lipoidoses, with widely disturbed 
function of many organs as well as defec- 
tive cartilage formation. The shafts of the 
upper extremities are short, stubby and 
exhibit bizarre swellings of the central por- 
tions, which taper toward the ends. This 
tapering, Caffey states, is the most diag- 
nostic skeletal finding, but should be 
thought of as a failure of the usual expan- 
sion rather than excessive constriction. 

4. Chondroectodermal dysplasia (Ellis- 
van Creveld syndrome) (Fig. 4d). This is a 
chondrodystrophy with hypoplasia of carti- 
lage which is characteristically peripheral. 
All the tubular bones are short and heavy 
with the most conspicuous changes in the 
middle and terminal phalanges. 

5. Dysplasia epiphysalis multiplex.’ The 
growth aberrations in this condition com- 
prise major involvement of the epiphysis 
only. Since the epiphyseal plate or area 
(Zones I, 2 and 3) is not primarily affected, 
only slight metaphyseal and no diaphyseal 
abnormalities are present. The irregular 
outline of the epiphysis reflects an error in 
subarticular cartilage development. Thus 
the stature of these patients is short but not 
in the dwarf category of the previous 
groups, confirming the fact that the epi- 
physeal plate is little affected. 


DYSPLASIAS OF THE METAPHYSEAL AREA 


This group of dysplasias manifests in 
symmetric expansion, but actually is a 
failure of normal constriction (Fig. 5). The 
modeling which occurs in the metaphyseal 
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Fic. 4. Clinical examples of the epiphyseal type of dysplasia. (a2) Achondroplasia: Roentgenographically, 
the femur and humeri are short and display an illusory thickening. (6) Morquio’s disease: Characteristic 
short and proportionally thick tubular bones in hands which have tapered ends. (c) Gargoylism: The 
shafts of the upper extremity are short, stubby and exhibit swellings of the central portions which taper 
toward the ends. (d) Chondroectodermal dysplasia: All the tubular bones are thick and heavy in the hand 
with the most conspicuous changes in the middle and terminal phalanges. 


area is due to capillary invasion of the zone 
of vacuolated cartilage cells and internal 
osteoclasis of the septa. The perichondrial 
ring of Lacroix is the site of external ero- 
sion. Any interference with these activities 
in this zone produces a lack of constriction, 
which is a primary event in contradistinc- 
tion to the previous group. As shown in our 
experiments with animals, marked dwarf- 
ism is not as constant or profound a feature 
of this disorder as it is in dysplasias of the 
epiphyseal area. 

The numerous examples? of this dis- 
order (Fig. 6) clinically include: 

1. Osteopetrosis (marble bones, Albers- 
Schinberg disease) (Fig. 6a) clearly estab- 


lishes the role of vascular sprouts in model- 
ing. This is a rare generalized dystrophy of 
the skeleton, characterized by persistence 
of calcified cartilaginous matrix which is 
normally destroyed during growth. The 
absence of normal marrow vascularity may 
well be the etiology of the persistent calci- 
fied cartilage rather than the result as im- 
plied by many authors.?*!° It is curious 
that radiolucent lines in the shaft (the op- 
posite of transverse growth lines) in this 
disease show normal constriction and indent 
the cortex of the metaphysis, as though, 
transiently, modeling had been affected in 
these zones. 

2. Idiopathic 


metaphyseal dysplasia 


to 
to 


(Pyle’s disease) (Fig. 66) is characterized 
by symmetric expansion of the long bones. 
Ingalls® cut a frontal section from his skele- 
ton and showed that the abnormal portion 
was filled with irregularly disposed cancel- 
lous bone and the marrow cavity was the 
size of a small channel in the center of the 
upper half of the bone. Once again the 
reduced vascularity of the marrow appears 
significant. The bones commonly are bowed 
and an “S”’ bent tibia is recorded in this 
entity not unlike the bowed appearance of 
the metaphyseal irradiated tibia. Recently, 
some authors!®:!5!4 have reported cases of 
so-called ‘“‘craniometaphyseal dysplasia,” 
which they suggest may be a link between 
osteopetrosis and metaphyseal dysplasia, 
since common findings were noted in these 
dystrophies. 

3. Gaucher's disease (Fig. 6d) has long 
been characterized by the Erlenmeyer 
flask shape of the lower femora. This is due 
to an abnormal deposition of lipoid which 
balances the normal absorptive processes 
of the vascular sprouts and osteoclasts, 
thereby leading to a failure of constriction. 

4. Transverse lines (Fig. 6e) or dense 
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Fic. 5. Dysplasias of the metaphyseal area: The 
modeling error appropriately is called undercon- 
striction. The symmetric expansion is due to a 
primary failure of constriction as a result of inter- 
ference with the absorptive processes in Zones 4 
and 5. Tubulation is normal. The resultant bone 
is splayed-shaped, not tapered or flared as in the 
previous group. 
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white growth lines on roentgenograms in 
chronic lead and phosphorus poisoning and 
in healing rickets produce localized areas of 
underconstriction. Histologically, these are 
composed of excessive radiopaque cancel- 
lous bone and markedly reduced radio- 
lucent marrow spaces. These are similar to 
the roentgenographic changes produced 
with the bone seeking isotopes and suggest 
disturbances of normal vascular invasion 
and normal osteoclastic activity. 

5. Chondromatosis, which may be of the 
external variety (osteochondromas) or of 
the internal type (Ollier’s disease, Fig. 6c) 
is due to a primary error in cartilage 
growth. This is a hamartoma more than a 
dysplasia and probably represents a true 
expansion of the metaphysis rather than a 
failure of constriction as in the aforemen- 
tioned entities. This roentgenographically 
can be distinguished in that the metaphysis 
is asymmetric and irregular as compared to 
the symmetric expansion in the dysplastic 
group. 


DYSPLASIAS OF THE DIAPHYSEAL AREA 


In referring to diaphyseal dysplasia, one 
usually thinks of Englemann’s disease. In 
the wider limits of our definition, diaphys- 
eal dysplasias encompass any defect of 
tubulation which is related to an abnor- 
mality in cortical intramembranous bone 
formation or marrow expansion (Fig. 7). 
Both of these functions normally tend to 
increase the diaphyseal diameter. 

One of the confusing descriptions occur- 
ring in the radiologic literature applies to 
situations in which the prominent error of 
modeling is in tubulation as presently used. 
This erroneous concept is based on the fact 
that the cortical shell of the shaft acts as a 
shaping force in the narrowing of the dia- 
physeal caliber. The term overtubulation 
suggests an exaggeration of a normal 
growth process. Likewise, undertubulation 
implies a lack of this same process. Both of 
these terms are inconsistent with the 
physiologic facts. In actuality, the reverse 
is true. That is, a primary failure of tubula- 
tion or a lack of periosteal activity produces 
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Fic. 6. Clinical examples of the metaphyseal type of dysplasia. (@) Osteopetrosis: The lack of constriction 
reflects the absence of marrow spaces and capillary invasion and persistence of calcified cartilage. (4) 
Pyle’s disease: Note the unusual splaying of the metaphyseal area. (c) Ollier’s disease: Asymmetric expan- 
sion suggests a hamartoma rather than a dysplasia. (d) Gaucher's disease: The Erlenmeyer flask appear- 
ance of the femur is typical. (e) Transverse lines show localized failure of constriction. 


a thin delicate shaft which is called over- 
tubulation. Similarly, undertubulation does 
not connote that the truely thickened shaft 
in Englemann’s disease is due to excessive 
periosteal activity. Rather than redefining 
the meaning of these terms, it may be 
wiser to abandon them. 


Clinical examples of the diaphyseal type 
of dysplasia (Fig. 8) are: 

1. Osteogenesis imperfecta (Lobstein’s dis- 
ease) (Fig. 8a) is characterized by a lack of 
tubulation due to defective formation of 
subperiosteal and endosteal bone, whereas 
the epiphyseal cartilage is not disturbed. 
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Fic. 7. Dysplasias of the diaphyseal area: The 
modeling error has been termed either overtubula- 
tion for narrow shafts or undertubulation for 
spindle-shaped shafts. Both these terms are con- 
tradictory to the physiologic process and should 
be abandoned. Constriction or endochondral bone 
formation and absorption proceed normally. Any 
defect of tubulation is related to an abnormality 
of cortical intramembranous bone activity or 
marrow growth. The resultant bone has normal 
ends but the shaft is either thin and delicate or 
truely thickened. 


The essential roentgen findings are hypo- 
plasia and thinning of the cortex and scanty 
spongiosa. The bones are fragile and frac- 
ture easily. Shortly after total bone irradia- 
tion or diaphyseal irradiation, intramem- 
branous bone formation is altered so that 
the long bones fracture readily as they do in 
fragilitas ossium. 

2. Trophic changes (Fig. 86). Overcon- 
figuration or failure of tubulation of bones 
most commonly occurs in extremities in 
which neurotrophic or myotrophic factors 
are disturbed. This includes paralytic and 
pseudoparalytic conditions such as old 
poliomyelitis, muscular dystrophy and mal- 
formations of the spinal cord. The loss of 
caliber of the shafts is due almost entirely 
to shrinkage of the medullary cavity, since 
the cortical walls are thick and dense and 
apparently little affected. Similar changes 
are noted in irradiated whole bone shafts 
and suggest that the absorptive marrow 
vascular factor and osteoclasis are perhaps 
more easily influenced than intramem- 
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branous bone formation or osteoblastic 
osteogenesis. 

3. Progressive diaphyseal dysplasia (En- 
glemann’s disease) (Fig. 8 c) is an example 
of so-called undertubulation due to exces- 
sive periosteal and endosteal activity of un- 
known etiology. The shafts are fusiformly 
swollen in their midportion, producing a 
characteristic appearance. This is a reactive 
stimulation of a normal process and not a 
failure of a normal activity. 

4. Melorheostosis (Léri) is a rare dys- 
plasia of excessive proliferation of cortical 
bone on one side of the shafts of a single 
extremity. The widened shaft with normal 
endochondral formation is part of the 
roentgenographic picture. 

5. Excessive periosteal reactions (Fig. 8e) 
lead to so-called undertubulation in bones 
in osteomyelitis, infantile hyperostosis, 
hypervitaminosis A and_ periostitis of 
syphilis. 

6. Cooley's anemia (Fig. 8d) results in so- 
called undertubulation of the shaft due to 
excessive marrow formation. The medullary 
cavities are dilated, the shafts are swollen 
and rectangular in outline, and the cor- 
ticalis is thin. All the bones are osteoporotic 
and present a bizarre trabeculated ap- 
pearance, owing to the irregular destruction 
of the spongiosa and internal erosion of the 
corticalis. 

DISCUSSION 

An attempt has been made to develop a 
physiologic concept for explaining the 
various bone dysplasias encountered clin- 
ically. In this clinical group, characterized 
by variations in bone modeling, three dis- 
ease processes are encountered: true dys- 
plasias, reactive diseases and hamartomas. 
The term, true dysplasia, applies to those 
cases in which a normal physiologic event 
in bone development has failed to occur. It 
is this absence or lack of a specific normal 
event that is reflected in a specific abnor- 
mality in modeling. These abnormalities 
have been reproduced experimentally and 
are reported in the preceding paper. In re- 
active diseases, a normal physiologic proc- 
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Fic. 8. Clinical examples of the diaphyseal type of dysplasia. (a) Osteogenesis imperfecta: This is characterized 
by a lack of tubulation due to defective formation of subperiosteal and endosteal bone, resulting in thin 
delicate bones. (4) Trophic changes result in delicate narrow shafts such as those seen in poliomyelitis, sug- 
gesting that muscular activity affects periosteal activity more than endochondral growth. (c) Progressive 
diaphyseal dysplasia is an example of excessive periosteal and endosteal activity producing fusiform swell- 
ing of the shafts. This is a reactive disease rather than a true dysplasia. (d@) Cooley’s anemia is an example 
of expansion of the shaft diameter due to hyperplastic marrow. (e) Cortical hyperostosis limited to the 
periosteal region is another example of a reactive disease. 


ess in bone development is excessively ity for aberrant growth. The latter two 
stimulated. Hamartomas are not true tu- processes are not discussed in this report ex- 
mors but represent developmental defects cept to contrast them with true dysplasias. 


in tissue combination with a limited capac- In dysplasias of the epiphyseal area, the 
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basic error is absence of cartilage produc- 
tion. The modeling error that all chondro- 
dystrophies display is a generally rectangu- 
lar shape of the tubular bones with either 
some flaring or tapering at the ends, de- 
pending upon the degree of cartilage ac- 
tivity. The geographic distribution of the 
error may reflect the locus of the genetic de- 
fect in the chromosome, which determines 
cartilage growth or sulfur metabolism at 
that site in the body. Thus, achondroplas- 
tics show striking changes in proximal long 
bones as opposed to chondroectodermal 
dysplasia, where the dramatic abnormalities 
are distally located in the terminal phalan- 
ges. Mixed types are not uncommon, and 
features of achondroplasia and Morquio’s 
disease in the same patient suggest some 
common denominator. Compare, for ex- 
ample, the similarity in the shape of the 
metacarpals shown in Figure 4 in Morquio’s 
disease and gargoylism. Rather than em- 
ploying eponyms, greater accuracy may be 
achieved by referring to the case as a 
dysplasia of the epiphyseal area and stating 
its geograghic distribution. 

Metaphyseal dysplasias should not be 
confused with the previous group, since 
the modeling error is due to a defect in nor- 
mal absorptive processes. Once again this 
so-called symmetric expansion is not a true 
expansion but rather a lack of constriction 
which has failed to occur. The absence of 
some humoral factor required for the induc- 
tion of surrounding tissue to develop in a 
sequential fashion is suggested by Lacroix’s 
transplantation studies. Theoretically, if 
this factor could be isolated and adminis- 
tered, the calcified cartilage in osteopetrosis 
could be vascularized and changed to nor- 
mal bone with correction of the modeling 
error. 

In true dysplasias of the diaphyseal area, 
a lack or failure of tubulation would apply 
only to those cases with limited to absent 
cortical growth. Osteogenesis imperfecta of 
the congenital and tarda types would meet 
this criterion. Virtually all of the other 
entities described as “undertubulated”’ ap- 
pear to be reactive diseases in which a nor- 
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mal physiologic process is excessively 
stimulated. Thus, progressive diaphyseal 
dysplasia, melorheostosis, infantile hy- 
perostosis and others represent exaggerated 
periosteal activity. In Cooley’s anemia the 
widened shaft is due to a hyperplastic 
marrow. There is a delicate balance and in- 
terplay between periosteal osteogenesis, 
osteoclasis and marrow vascular growth. 
The role of ancillary factors such as muscu- 
lar, peripheral vascular and nervous fac- 
tors has not been clearly defined and re- 
quires further study. 

In concluding, a suggestion is offered to 
correlate the description of the morphologic 
error in modeling as seen on roentgeno- 
grams with the physiologic event which is 
upset. The term constriction is more ap- 
propriate to the absorptive events in the 
metaphysis and the term tudbulation is re- 
served for the events in the diaphysis which 
normally increase the caliber of the shaft. 
The two terms should not be used inter- 
changeably. It might be wiser to drop the 
use of the terms overconstriction and over- 
tubulation since they imply an exaggeration 
of a normal activity which physiologically 
does not occur. Although the terms under- 
constriction and undertubulation might be 
salvageable, the latter expression would re- 
quire agreement in its redefinition. There- 
fore, it might be simpler and less confusing 
to abandon the prefix “over” and “under” 
entirely. As indicated in the diagrammatic 
representations of the various dysplasias, 
the terminology recommended is failure of 
constriction or tubulation as either a pri- 
mary or secondary event. 

The clinical implications of these con- 
cepts are listed in Table 1. 


SUMMARY 


1. In brief, the shaft of a long bone 
grows in two directions—width and length. 
The regulating processes in width are re- 
ferred to as modeling. The term constriction 
is more appropriate to the events occurring 
in the metaphyseal area. The term tudbula- 
tion should perhaps be reserved for the ac- 
tivity of the diaphysis and not be inter- 
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TABLE | 


CLINICAL CONCEPTS IN BONE 


Dysplasia Epiphyseal Zone 
Histologic Area 
Affected 


Zones I, 2 and 3 


Aplasia or Hypoplasia 
Physiologic Error I 
of Cartilage 


Effect on constriction 
Effect on tubulation 
Width of shaft 

Length of shaft 
Appearance of bone shaft 


Apparent accentuation 
Normal 

Normal 

Dwarfed 

Rectangular 
Appearance of ends of shaft Tapered 


*Modeling Error Overconstricted 


* These radiologic terms presently in use are confusing and should be 


changed with constriction. This is contrary 
to the usual usage of these terms where no 
distinction is made. 

2. The prefix ‘‘over” and “under” ap- 
pended to the terms constriction and tubu- 
lation should be abandoned. 

3. Dysplasias of the epiphyseal area are 
characterized by a primary failure in 
cartilage proliferation, whereas periosteal 
osteogenesis is unaffected, resulting in a 
rectangular shaft. 

4. Dysplasias of the metaphyseal area 
are manifested in symmetric expansion of 
the metaphyses, the basis of which is a 
failure of constriction due to interference 
with the absorptive processes in Zones 4 
and 5. 

5. Dysplasias of the diaphyseal area 
encompass any defects of tubulation which 
are related to an abnormality in cortical 
intramembranous bone formation, osteo- 
clasis or marrow expansion. 


Philip Rubin, M.D. 
Department of Radiology 
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Metaphyseal Zone 


Zones 4 and 5 


Poor Capillary Inva- 
sion; Absence of 


Osteoclasis 


MODELING 
Diaphyseal Zone 


Periosteal and Endosteal 
Bone Formation 


Excessive Corti- 
cal Growth 
or Marrow 
Formation 


Defect in 
Cortical 
Growth 


Absent Normal Normal 
Normal Failure Excessive 
Normal Decreased Increased 
Slight decrease Normal Normal 


Symmetric splaying 
Widened 


Underconstricted 


Delicate 
narrow 
Normal 


Spindle-shaped 
Normal 


Undertubu- 
lated 


Overtubu- 
lated 


abandoned 
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OSTEOPATHIA CONDENSANS DISSEMINATA 
(OSTEO POIKILOSIS) 


STUDY OF A FAMILY OF 4 GENERATIONS 
By CAPTAIN JOHN C. MELNICK, MC 


FORT LAWTON, WASHINGTON 


STEOPOIKILOSIS is a_ sclerosing 

osteopathy which has provided inter- 
est and curiosity since its first description 
by Stieda” in 1905. Credit for its discovery, 
however, is usually given to Albers- 
Schonberg,! who in 1915 reported a more 
typical case in a twenty-two year old sol- 
dier. The lack of history and symptomatol- 
ogy has placed it in the silent group of bone 
diseases. Jonasch” was able to identify only 
12 cases of osteopoikilosis in 211,000 roent- 
genograms that he read. 

Several excellent reviews of the literature 
have been published. One of the earliest is 
that of Wilcox," who added 2 cases to the 
18 described during the period of 1905- 
1931. Lowrey and Booth’s' case was added 
to the 45 cases to date. Hinson® described 8 
cases in one family while tabulating the 
previous 72 cases. Since that time the num- 
ber of reported cases has increased to over 
130. Most of these have been described as 
single cases and this led to confusion in 
nomenclature. The term ‘‘osteopathia con- 
densans_ disseminata” (Wachtel*) is 
strongly supported by Lowrey and Booth” 
since it... “suggests a pathologic condi- 
tion comprising a dissemination of areas of 
condensed bone elements. This constitutes 
an accurate definition founded on an ana- 
tomico-pathologic basis and at the same 


time furnishes an adequate description of 


the condition.” The other less accurate and 
misleading terms: osteosclerosis fragilis, 
osteopoecilia, osteosclerosis, Albers-Sch6n- 
berg’s disease and osteitis condensans gen- 
eralisata should be discarded. 

The age distribution of osteopoikilosis 1s 


wide, usually extending between the ages of 


fifteen and sixty. It affects both sexes, with 
predominance in the male. The youngest 
case is that of Heilborn, who stated that he 


saw spotted bones in a fetus four months of 


age. Keyser reported the disease in a new- 
born and Von Bernuth saw changes in a 
child eighteen days old.” 

Roentgenologically, osteopoikilosis may 
present numerous foci of small spherical or 
elongated sclerosis, varying from a few 
millimeters to sev eral centimeters in diam- 
eter, in the spongiosa of the epiphysis and 
metaphysis of the bone. This is known as 
the nodular or lenticular type. A second 
type is the striated, or linear type, which 
appears as condensations along the diaphy- 

The third type is a combination of the 
two. 

Newcomet,'’ who reported the first case 
in the English literature, followed his pa- 
tient for four years without noting further 
changes in the bone. Nichols and Shiflett!® 
saw no changes in their patient whom they 
followed for a period of seven years. Holly" 
observed changes over a period of five years 
in 4 cases that included fusion of foci, new 
areas of involvement and the disappearance 
of lesions. Harmston® described slow 
changes occurring over a period of years. 
Busch® believes that opacities become 
denser with age, up to adulthood, then re- 
main stationary for years. 

The distribution of osteopoikilosis in the 
skeleton has been gradually elucidated. Al- 
though the condition has been reported to a 
greater or lesser degree in every bone, some 
authors have stated that it never occurs in 
the skull. Martinéié refers to 3 cases de- 
scribed by Funstein and Kotschiew that 
had changes in the skull and one case de- 
scribed by Erbsen in which the predomi- 
nant findings were within the skull with 
lesser changes in the pelvis. 

Schmorl'® reported the first histopatho- 
logic study of osteopoikilosis. The patient 
was an eighteen year old boy who died of 
anemia and amyloidosis complicating osteo- 
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OSTEOPOIKILOSIS 


18 
Fim 
@ Affected male or female 


[1 © Normal male or female 


myelitis. He describes “‘an increased den- 
sity, the result of numerous bone trabeculae 
of various thicknesses arranged rather regu- 
larly, the bone resembling the structure of 
spongiosa and not cortex. Individual tra- 
beculae were slightly thicker than normal 
bone and gave the impression of a compact 
bone. Trabeculae merged into the sur- 
rounding structures gradually, disappear- 
ing among those of normal spongiosa. The 
thicker trabeculae consisted of lamellar 
bone with a parallel arrangement for the 
most part, but in a few instances they were 
arranged concentrically around blood ves- 
sels without, however, leading to the pic- 
ture of osteoma.’” 

Hess performed an autopsy on a twenty- 
seven year old woman who died of myeloid 
leukemia and who had co-existing osteo- 
poikilosis but no symptoms related to this 
latter condition. His findings confirmed 
those of Schmorl and Briicker. Additional 
histologic and pathologic studies have been 
reported by Stubenrauch* and Windholz.* 

The etiology of osteopoikilosis is un- 


1 @ Single or few lesions of 


questionable significance 
Not studied 
&J+ Not studied, dead 


known. Although it has been found in asso- 
ciation with many other diseases (multiple 
venous thrombosis, infections, parathyroid- 
ism, diabetes, dwarfism, dermatofibrosis 
lenticularis disseminata, syphilis, cleft 
palate, etc.), it, in itself, has been usually 
“discovered” by accident when searching 
for some other condition. 

One factor that has been widely accepted 
and supported is the hereditary nature of 
this condition. Voorhoeve” was the first to 
believe strongly in the hereditary factor and 
reported 3 cases in one family: father, son 
and daughter. Other 
have suggested heredity on the basis of sev- 
eral cases of osteopoikilosis in a family in- 
volving one or two generations. Busch,’ 
Svab” and Hinson? reported cases involv- 
ing three generations. 

In this study, osteopoikilosis was dis- 
covered on a routine chest roentgenogram 
which led to a bone survey. Roentgeno- 
grams of the patient’s 2 children (fraternal 
twins) shoyg,1 that only one had the condi- 
tion. TheséGndings then led to an examina- 
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Fic. 1. Case 1. Male, aged seventy-three, Fj. 


tion of the entire family, which included 


four generations. Since many members of 


the family lived in cities throughout the 
country, complete bone survey roentgeno- 
grams were impractical. Roentgenograms 
were, therefore, limited to views of the 
hands, wrists, feet, ankles, pelvis and upper 
one-third of the femora, since the incidence 
of osteopoikilosis is higher in these bones. 
The pertinent data are shown in Table 1 
and Chart 1. 

DISCUSSION 

Complete bone survey roentgenograms 
were taken of Case vir in five different 
hospitals over a period of an equal number 
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Areas of sclerosis are present in the phalanges. 


of years. A review of these roentgenograms 
revealed no significant change in the ap- 
pearance of the lesions of osteopoikilosis. 
Skull roentgenograms of this patient were 
negative. They were the only skull roent- 
genograms taken in the study. 

The degree of bone involvement with 
osteopoikilosis within a single generation 
varied considerably. All cases in the first 
generation demonstrated numerous find- 
ings. Of the 8 cases in the second genera- 
tion, 6 revealed numerous sclerotic lesions, 
whereas 2 cases (Case vit and x1) had a 
fewer number of lesions. In one instance a 
lesion measured three to four times the size 
usually encountered (Case x1). A greater 
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TABLE I 


232 John C 
Gen- 
Case hn ¢ Wrists Ankles 
No. | Sex | Age} Relation era- bHandst 
tion 
I|M | 73 Father F; +4 
| F | 70| Mother F; 
III | F | 68 | Aunt | Fj fH | t+ 
IV | F | 47 | Sister | +++ | ++++ 
V1M|46| Brother | Fj 
VI | F | 43 | Sister Fy | t+++ | ++++ 
| 
VII | M 42 | Original | ++++ | +4+4++ 
Case | 
VIII | M | 39 | Brother Fij + | ++ 
IX | F | 35 | Sister Fi | ++++ | ++++ 
X | M | 33 | Brother Fa | | ++++ 
XI | M | 31 | Brother Fi | + + 
XII | M g | Sonof Case | Fiii +++), +++ 
| 
Sali | F 5 | Daughter of | Fiii | 4 
Case VI 
XIV | M 4 | SonofCase | Fiii | t C 
VI 
XV |M 7 | Sonof Case | Fiii | + | + 
VII 
XVI | F | 10 | Daughter of | Fyii + | re) 
Case VIII | 
XVII | M| 8 | SonofCase | | ++++ | ++++4+ 
IX 
XVIII | M 3. | Grandson of | Fiy ° ° 
Case IV | | 
XIX | F | 73 | Aunt | Fj + + | 
1-40 Daughter of | Fi | + | 


| Case XIX 


* Relationship to Case vil, original case. 


t 1 to 4 plus scale; 4 plus equivalent to 2 plus of generation F 


t See comments. 


variation was present in the third and 
fourth generations where the involvement 


Fic. 2. Same case as Figure 1. Lesions of increased 
density are located primarily in the femora. 


Pelvis 


Figure Comments 
++ | 1,2 Several lesions in hand less prominent than 
others 
+++ | 3 Also number of lesions in sacrum 
i a ae | Patient known to have condition for 20 years 
| ++++4 | | Many lesions in transverse processes of lum 
| bar vertebrae 
++ | Lesions predominantly in pubis and ischium 
| ++++ A marked area of cortical thickening in right 
| | femur 
+++-+ | 4,5,6,7 | Exostosis of fibulae; changes of fibrous dys 
plasia in humeri 
+ | Fewer lesions than in most cases in Fj; 
+++-+ | 8 Lesions dense at acetabula and sacroiliac joints 
Lesions dense at acetabula and sacroiliac joints 
+ | 9 Least number of lesions in one lesion in 
| left pubis 11X%7 mm. 
+++ | 10 | Average lesion larger than in Fi; 
° | | Single lesion middle phalanx fourth left finger 
} 
+ 4 | | Question of single lesion right wrist 
+++ | II, 12 | Lesion at base of second metacarpals; distal 
| | portion third left metacarpal 
+ | 13 Single lesion both femora; several lesions in 
| | hands 
++++ | Lesions largest in Fjjj 
4 14 | Lesion left femur; questionable lesions right 
femur 
++ Lesions in ilium and femora primarily 
fe) | Single lesion of distal phalanx of fourth left 


finger 


i and Fj;. 


varied from a single lesion (Case x11 and 
XVIII) to many lesions involving nearly all 
the bones shown on the roentgenograms 
taken (Case x11 and xvi). Between these 
two extremes, several cases (Case xIV, XV 
and xv1) demonstrated a moderate degree 
of involvement of many of the bones roent- 
genographed. In most cases there was sym- 
metrical involvement, although in a few 
instances one side of the body showed a pre- 
dominance over the opposite side. 

In comparing generations, the first and 
and second generations showed a similar 
degree of involvement. The third genera- 
tion showed lesser involvement and the 
fourth generation the least involvement. 
Whether this demonstrates a decreasing 
manifestation of the disease with successive 
generations or whether this is due to a 
younger age group, where the full expres- 
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Fic. 3. Case 11. Female, aged seventy, Fj. Distinct sclerotic islets of bone are present. 


sion of the disease has not reached its peak, 
will have to await further study. The evi- 
dence points towards the latter possibility. 

Osteopoikilosis has been described as a 
dominantly inherited disorder. This means 
that one parent and approximately one half 
of the offspring of the parent would be ex- 
pected to demonstrate the disease. In this 
study both parents exhibited roentgeno- 
logic changes. On the basis of an incidence 
of approximately 1 in 20,000,” the mating 
of two such individuals would be extremely 
rare.* This probability would be greater if 


the individuals were related. Both parents 
denied any relationship; however, both 
were of German extraction; therefore, a 
common ancestor in the not too distant 
past is possible. 

The offpsring of two such affected par- 
ents would be expected to be 25 per cent 
homozygous (double dose of the abnormal 
gene), 50 per cent heterozygous (single dose 
of the gene), and 25 per cent normal. Thus 
the ratio of affected and unaffected would 
be 3:1. The probability of finding all 8 off- 
springs from such a mating to be affected, 
as in this study, is approximately 10 per 
cent.7 


t (3/4)8=.1 or 10%. 
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Fic. 4. Case vu. Male, aged forty-two, Fj. Scapular 
lesions are concentrated primarily in the glenoid 
area and the acromion process. 


lic. 6. Same case as Figure 4 and 5. Lesions are 
present in the patella as well as in the long bones. 


Fic. 5. Same case as Figure 4. The distal portion of 
the radius and ulna demonstrates numerous 
lesions at the epiphysis. Similar findings are 
present in the metacarpals and phalanges with 
sparing of the shafts. 


Fic. 7. Same case as Figure 4, 5 and 6. Exostosis of 
the posterior fibula. Diffuse involvement of the 
small bones of the feet. 
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Fic. 8. Case 1x. Female, aged thirty-five, Fj;. Typical 
distribution of lesions in the pelvis. Numerous 
sclerotic lesions at sacroiliac joint and acetabula 
bilaterally are superimposed giving the appear- 
ance of large single irregular sclerotic areas. 


In the few instances where homozygotes 
of so-called dominant conditions in man 
have been studied, they have appeared 
more severely affected than heterozygotes. 
In the event that the more severely af- 
fected cases in this study were homo- 
zygotes, all the children of such individuals 
would be heterozygotes, since it appears 
that a single dose of the gene is demon- 
strated roentgenologically. Of cases with the 


Fic. 9. Case x1. Male, aged thirty-one, Fj;. One 
lesion in the bone measured 11X7 mm. Other 
smaller lesions are present but less prominent. 
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lic. 10. Case xu. Male, aged nine, Fj;;. Lesions are 
larger than those present in F;;. Sacrum reveals 
many islets of sclerosis. 


more marked involvement, 3 (Case vu, 1x 
and x) had normal offsprings. Only in Case 
v1 is the possibility present that all the 
children are affected. 

Thus it appears that the more severely 
affected cases in the study are hetero- 
zygotes and not homozygotes. This state- 
ment, however, cannot be made with ab- 
solute certainty until the members of the 
third generation are again studied at a later 
date. This would then afford the apparently 
unaffected children an opportunity to 
develop the full expression of the disease 
since the evidence points towards an in- 
creasing degree of involvement with ad- 
vancing age up to puberty and possibly 
adulthood. It is of interest to note that only 
one of the fraternal twins of Case vit was 
affected with osteopoikilosis. The ninth 
pregnancy of Case 1 ended in an early 
abortion. 


SUMMARY 


A study of four generations of a family 
has been presented which demonstrated 17 
cases of osteopoikilosis. The youngest case 
was four years of age and the oldest case 
seventy-four years of age. The latter case, 
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Fic. 11. Case xv. Male, aged seven, fraternal twin, Fj;;. A lesion is present at base of second 
metacarpal bilaterally as well as in the distal portion of the third left metacarpal. 


Fic. 13. Case xvi. Female, aged ten, F jij. A lesion is 

present in the intertrochanteric area bilaterally. 

Fic. 12. Same case as Figure 11. Lesions are Patient also demonstrated several scattered lesions 
present in the pelvis and femora. in the bones of the hands. 


236 
| 
i 
ty 


959 


Fic. 14. Case xvi. Male, aged three, Fi,. A single 
lesion measuring 3X5 mm. is present in left 
femur. A similar area of increased density is sug- 
gestive of being present in the right femur. No 
lesions were visualized in hands or feet. 


plus 3 other cases, aged seventy-three, 
seventy and sixty-eight, respectively, are 
the 4 oldest reported cases. The sex dis- 
tribution was 10 males and 7 females. 

In the first generation was the first re- 
ported mating of 2 individuals with osteo- 
poikilosis. The maternal side of the first 
generation revealed 2 additional members 
with positive findings. An offspring of one 
of these cases demonstrated a single lesion 
of a phalanx. There were 8 individuals in 
the second generation, all of whom were af- 
fected. Of these one case also demonstrated 
several exostoses. Another case revealed 
localized cortical thickening of a femur. The 
third generation revealed 5 positive cases. A 
sixth case demonstrated a single lesion in a 
phalanx. Of the 2 cases in the fourth genera- 
tion, one demonstrated a single lesion of the 
femur. 

The cases with single lesions were sug- 
gestive of osteopoikilosis; however, in view 
of the paucity of the findings it was felt 
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that they were not diagnostic of the condi- 
tion. 

In the event that these 3 cases repre- 
sented an early stage of osteopoikilosis, 
this would then be a total of 20 cases in the 
family study and the first reported case in a 
fourth generation. 

Genetically, osteopoikilosis appears to be 
caused by a dominantly inherited auto- 
somal gene. All the cases were heterozygotes 
with one possible case being a homozygote. 

An attempt will be made to study the 
members of the third and fourth genera- 
tions after an interval of years for further 
evaluation. 


X-ray Department 

Youngstown Hospital Association 
South Unit 

Youngstown, Ohio 
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THE ROENTGEN MANIFESTATIONS OF URTICARIA 
PIGMENTOSA (MASTOCYTOSIS) * 


By MAXWELL H. POPPEL, M.D., WALTER F. GRUBER, M.D., ROBERT SILBER, M.D., 
ADRIEN K. HOLDER, M.D., and ROBERT O. CHRISTMAN, M.D. 


NEW YORK, NEW YORK 


RTICARIA pigmentosa originally known 

as a skin disease is now recognized asa 
generalized systemic, usually benign but 
potentially malignant, malady which in ad- 
dition to the skin involves the lymph nodes, 
spleen, liver, bone marrow and other or- 
gans. 

In 1952 Sagher et a/.** described 2 cases 
presenting bone lesions. Since then 74 cases 
have been reported and of these 31 had 
roentgenologically demonstrable bone le- 
sions (Table 1). 

We have examined g_histologically 
proved patients (6 adults and 3 children). 
Bone surveys disclosed that 3 adults had 


osseous lesions. We are reporting one of 


these cases with a review of the literature 
and a compilation of the cases exhibiting 
bone changes. This will help to evaluate 
the roentgen manifestations. Since the 3 
cases belong to the same group of urticaria 
pigmentosa and since their clinical and his- 
topathologic features show a striking simi- 
larity we find it unnecessary to detail each 
case. We are, however, describing the 
roentgen bone changes in each and are list- 
ing all cases with bone lesions hitherto re- 
ported in Table 1 


REPORT OF A CASE 


H. J., a forty-five year old butcher, was first 
seen in 1941 because of abdominal distress pain 
and vomiting. The skin lesions had first ap- 
peared in 1931 at the age of nineteen years and 
had neither been pruritic nor painful. There had 
been no change in their distribution or red- 
brown color over the years. Rubbing of the skin 
or taking a hot bath resulted in pronounced 
rubor of areas adjacent to the lesions. No exces- 
sive bleeding occurred following tooth extrac- 
tions or minor injuries. A first cousin on the 
maternal side had epidermolysis bullosa which 
appeared at the age of three days and re- 


peatedly became infected until the child’s death 
from tetanus at the age of four years. 

Physical examination. \n 1941 the heart and 
lungs, pulse rate and blood pressure were nor- 
mal. Several nontender pea-sized lymph nodes 
were palpable in each axilla. An abdominal 
examination showed liver dullness 2 cm. below 
the right costal margin, and the spleen pro- 
jected 2 cm. below the left costal margin. The 
most striking feature was the maculopapular 
telangiectatic skin lesions of reddish-brown 
color which, although widely distributed, were 
most abundant over the thorax and showed a 
tendency to spare the distal thigh and leg areas. 
Rubbing these lesions produced whealing and 
erythema of the surrounding skin which sub- 
sided after about ten minutes. Gastrointestinal 
series showed the presence of a duodenal ulcer. 
The skin lesions have remained unchanged 
since 1941. 

Present laboratory data. Feces: negative for 
occult blood; Ewald test meal: free hydro- 
chloric acid 55 units, total acidity 75 units; 
urinalysis: normal, s-hy droxyindole acetic acid 
within normal limitss blood count: volume 
of packed red blood cells 44 per cent, hemo- 
globin 14.5 gm., white blood cells 9,200 per cu. 
mm., polymorphonuclears §8 per cent, lym- 
phocytes 37 per cent, monocytes 2 per cent, 
eosinophils 2 per cent, basophils I per cent. 
Platelets were adequate on smear and red blood 
cell morphology was unremarkable. Platelet 
count was 150,000 per cu. mm.; clotting time 
(Lee-White) : six and one-half minutes; bleeding 
time: four minutes; clot retraction: good in two 
hours; prothrombin time (Quick): thirteen sec- 
onds (100 per cent); prothrombin consumption: 
normal; thromboplastin generation test: nor- 
mal; thrombin generation test: normal; total 
protein: 6.3 gm. per cent, A/G 4.1/2.2; serum 
elec erephtaniiie within normal limits; serum 
calcium: 12.0 mg. per cent; serum phosphorus: 
2.9 mg. per cent; alkaline phosphatase: 2.7 
Bodansky units, repeated test 3.4 Bodansky 
units; acid phosphatase: 0.2 King Armstrong 
units; cephalin flocculation: 0; uric acid: 3.7 


* From the Departments of Radiology of the New York University College of Medicine and the Bellevue Hospital Center. 
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TABLE I 


ROENTGENOGRAPHIC FINDINGS IN BONES OF PATIENTS WITH URTICARIA PIGMENTOSA 


Bone Marrow Punc 
ture, Bone Biopsy 
or Autopsy 


No. of Cases 
with Positive 
Bone Findings 


No. of Cases 


) i Type of Lesion 
Examined Type of Lesi« 


Author 


Sagher and Schorr*° 


Clymanand Rein!" | 


Calnan!° 


Asboe-Hansen? 


Degos,!? Grupper,* 
Parmantier® 


Kierland 
Cited by Sagher 
and Schorr*® 


Personal commu- 
nication with Sagher 


Bluefarb and Salk? 


Reilly, Shintani, 
and Goodman*® 


Cordero 
Cited by Sagher 
and Schorr‘? 


Shair and Casper 


Cited by Sagher 
and 


Edelstein" 


Deutsch, Ellegast, 
and Nosko’s 


Stark, Van Bus- 
kirk, and Daly‘ 


15 


Io 


6 (only 3 de- 


scribed) 


unknown 


53 mo. 


6 wk. 


5° 


54 


Marrow puncture. 
Mast cells were 
not found 


Postmortem exam- 


ination. Mast cell 
accumulations in 
bone marrow of af- 
fected bones 


Sternal marrow 
negative 


Sternal and _ rib 
marrow aspirates 
disclosed aggregates 
of mast cells 


Sternal puncture 
revealed substan- 
tial number of 
mast cells and some 
eosinophils 


Bone biopsy of rib. 
Mast cell granulo- 
ma 


Sclerotic changes of ribs, pelvis, lumbar verte 
brae and small islets of condensation through 
out skull 


Sclerosed trabeculae of ribs, pelvis, dorsal, 
lumbar, and cervical spine. Numerous tiny is 
lets of increased density throughout skull. 
Some areas of sclerosed medullary cavities of 
the extremities 


Mottled calcified deposits in upper third of left 
and right humerus, upper third of both femurs 
and slight sclerosis of medullary cavities of up 
per third of both tibias 


Multiple hereditary osteochondromas 


Annular clear-cut deficiency about 1 cm. in di 
ameter of both tables of skull in left parieto 
frontal region in line of suture 


Small ill-defined defect in right frontal bone, 
about 5 mm. in diameter 


Epiphyseal centerof left capitulum humeri and 
both olecrana and of left trochlea extremely ir 
regularly divided into several small fragments 


Few small calcifications not well defined in fe 
mur and skull and distal part of left radius 


Two decalcified areas of distal part of right 
femur near metaphysis 


Several areas of decalcification with well-de 
fined borders at right frontoparietal part of skull 


Tiny area of questionable radiolucency in me 
dial malleolus of right ankle 


Small oval defect in middle of right femur 


Generalized cystic osteoporosis of ribs with 
some coarsening of trabeculae and stippling 
more pronounced on medial side of clavicles 
and similar changes in thoracic and lumbar 
vertebrae. Mottled osteosclerosis in pelvic 
bones and upper ends of femurs 


Osteoporosis with pagetoid thickening of bony 
trabeculae in skull, pelvis, ribs and humeri 
Areas resembling bone infarcts in pelvis and 
both humeri 


Osteoporosis of skull 


Both radial shafts exhibited abnormal appear 
ance manifested by irregularity in contour and 
absence of normal cortex which was alternately 
thinner as wellassomewhat thicker than normal 


Periosteal thickening of femurs and humeri 
and proximal end of one radius. Changes were 
differentiated from infantile cortical hyperostosis 


Irregularly outlined sclerotic lesion (enoste- 
oma) size of plum in body of second lumbar 
vertebra. Similar sclerotic lesion in left iliac 
wing near sacroiliac joint. Few well circum- 
scribed sclerotic areas in bony pelvis. Cortex of 
both femurs and tibias was considerably thick- 
ened with marrow space reduced to about one- 
third of itsnormal width, and several irregularly 
distributed sclerotic islets at metaphyseal 
parts of the femurs 


Generalized and symmetric involvement of 
skeleton. Most extensive changes were noticed 
in metaphyseal ends of long bones. Individual 
trabeculae were thickened and decreased in 
number and intertrabecular spaces were wi- 
dened, resulting in a net-like appearance. In- 
nominate bones presented same pattern except 
in iliac fossae w inane t there was striking decrease 
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TaBLe I—(Continued) 


Nia. No. of Cases Sex Bone Marrow. Punc- 
* with Positive fae) ture, Bone Biopsy Type of Lesion 
Bone Findings ssi M F or Autopsy 


Author 
Examined 


in density. Trabeculae of vertebral bodies were 
more compactly arranged than elsewhere and 
were distinct in outline causing slightly in- 
creased density. Ribs presented multiple small 
punched out areas of rarefaction similar to 
changes seen in multiple myeloma or in meta- 
static malignant disease. Skull and bones of 
hands and feet were considered normal 


Gulden and I I 2 I Roentgenologically demonstrable pathologic 
Niebauer*4 changes at metaphyseal ends of long bones. 
| Lesions not described 


Zak, Covey, and I I 58 I Bone biopsy of il- | Bone survey showed spine, thorax and pelvis 
Snodgrass*® iac crest. Infiltra- | to be diffusely involved in a combined osteo 
tion by numerous | lytic-osteoblastic process. Multiple small, mot 
mast cells tled, lucent areas with intermingled tiny nod- 


ular areas of increased bone density. Appear- 
ance was not that of simple osteoporosis, but 
suggestive of metastatic neoplasm. No defi- 
nite lesions in calvaria 


MacDonald and I I 51 I Bone marrow as- | Peculiar demineralization of bones of ribs with 
Peirce?9 piration. Striking | coarsened trabeculation. Vertebral bodies of 
| increase in mast | thoracic and lumbar spine presented similar 
cells, somewhat less | coarsening of trabeculation, with associated 
mature than those | demineralization. Slight loss of calcium den- 
usually observed sity of pelvis. Skull showed slight deminerali- 
zation of inner table, with a slightly ground- 
glass appearance of vault 


Barker‘ I I 58 I Decalcification of skull and scapulae. Long 
bones were normal 

Remy“ I I child, not not given Sternal puncture. | Generalized osteosclerosis affecting spine and 
} given Patchy or diffuse | pelvis. Long bones showed thickening of cortex 
infiltration with | and slight diminution of size of marrow cav- 
mast cells in bone | ity. No noticeable changes in skull 
} marrow 
| | 

Hasselman and | I I 2 | Sternal marrow | Clumsy (diaphyseal dysplasia defect in tubu- 

Scholder- puncture. No mast | lation) appearance of humeri and femurs, with 


Oemichen® | cells were found thickened and sclerotic shafts. Lytic lesion in 
distal epiphysis of right femur. In skull no 
changes were noted 


Present Authors 9 3 45 I Sternal marrow as- | Skull. Round and oval-shaped lytic lesions 
| pirate. Mast cells | confined to diploe of frontal parietal and occip- 
| 2.75 per cent | ital bones, and mandible. Confluent sclerotic 


| | | islets in parieto-occipital regions 


| | | Spine. Wide radiolucent marrow spaces sepa- 

| | rated by dense and coarse vertical trabeculae. 

| Lytic lesions in bodies and pedicles of several 

| | dorsal vertebrae. Sclerotic islands from 3 mm. 

to 24 cm. in the tenth and twelfth dorsal and 

first lumbar vertebrae. Several similar densi- 
ties in body of third lumbar vertebra 


| Pelvis. Wide irregular marrow spaces enclosed 
} in reticular, coarse and dense spongiosa. Sev- 
eral small islets of increased density in left 
sacral wing, and one irregularly-shaped scle- 
rotic island 1} X23 cm. in left iliac bone 


| 56 I Skull. TOrregular areas composed of mixed 
| | rounded and oval shaped lytic lesions measur- 
} ing 3 to 5 mm. in diameter, and amorphous 1s- 

| lets of i increased density extending over fron- 
tal and parietal bones 


Spine. Sclerotic bone islets 5 X5 mm. in diam- 
eter in bodies of the twelfth dorsal and fourth 
lumbar vertebrae. Triangular, irregular cluster 
measuring 14X2 cm. composed of several 
sclerotic bone islets in first lumbar vertebra 


Pelvis. Sclerotic bone island 13 X24 cm. in di- 
ameter in right wing of sacrum. Several scle- 
rotic islets measuring } to 1 cm. in diameter 


scattered over left wing of sacrum and left 
iliac bone 


17 ie Three sclerotic bone islets measuring 1X1} 
cm., 2X2 cm. and 2X3 cm. at upper end of 
left tibia. Single sclerotic islet 5 mm. in diame- 
ter at upper end of right tibia. 


Among the 74 pees cases of urticaria pigmentosa, bone surveys showed changes in 31 patients. In this group 8 were children and 23 adults, 
There were 13 males, 13 females and in 5 cases, the sex was not given. 
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Fic. 1. (4 and B) Lateral and posteroanterior roent- 
genogram of the skull. Note round and oval shaped 
lytic lesions confined to the diploe of the frontal, 
parietal and occipital bones and mandible. Note 
confluent condensing islets in the parieto-occipital 
regions. 


mg. per cent; total cholesterol: 138 mg. per 
cent, repeated test 179 mg. per cent; cholesterol 
esters: 56 mg. per cent. 

Sternal marrow aspirate. Vhis was cellular and 
showed a myelo-erythroid ratio of 6:1. Mega- 
karyocytes were present in normal amounts. 
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The most striking finding was the presence of 
round or oval or at times elongated cells ranging 
from 12 to 25 microns in length and containing 
oval or round nuclei. The cytoplasm had many 
round coarse granules which were purple in 
color. These granules were peroxidase negative 
and stained with toluidine blue. Occasionally, 
cells were found in clumps, and granules were 
often scattered around the cell. These cells ful- 
filled the morphologic and staining criteria of 
tissue mast cells. Bone marrow count: tissue 
mast cells 2.75 per cent. 

Skin biopsy. This revealed an epidermis 
which was normal in thickness. The basal cell 
layer was pigmented throughout. In the papil- 
lary layer and upper third of the cutis, the 
collagen was pale staining and infiltrated with 
collections of lymphocytes. Also seen were 
large irregularly shaped cells with dense, finely 
reticulated nuclei with variable amounts of 
eosinophilic, vesiculated and occasionally gran- 
ular cytoplasm. Toluidine blue stain revealed 
these to contain metachromatic granules. 

Diagnosis. Skin with focal collections of 
tissue mast cells (urticaria pigmentosa). 

Roentgen findings. Examination of the skele- 
ton revealed lesions in the skull, spine, and 
pelvis. There were multiple round and oval 
shaped lytic lesions varying in size from several 
millimeters to one and one-half centimeter in 
diameter confined to the diploe of the frontal, 
parietal and occipital bones. The individual 
lesions were well demarcated from the normal 
bone by a nonsclerotic margin. The tables of 
the skull (unlike in multiple myeloma or meta- 
static carcinoma) were completely spared or 
only slightly eroded but never punched out. 
Similar lytic lesions were present in the mandi- 
ble. An ill-defined rhomboid area 4X4 cm. in 
size in the right parieto-occipital region was 
composed of mixed lytic and condensing lesions. 
The condensing lesions were in the main 
amorphous and confluent. Some of them formed 
separate islets. A smaller irregularly shaped 
area similarly composed of mixed lytic and 
condensing lesions was present in the left 
parieto-occipital region. The vertebral bodies in 
general had lost their normal density. The wide 
radiolucent marrow spaces were arranged in an 
irregular columnar fashion separated by dense 
and coarse vertical trabeculae. The bodies and 
pedicles of several dorsal vertebrae exhibited 
small polymorphous lytic lesions and were 
mottled in appearance. Condensing islands 
measuring from 3 mm. to 2.5 cm. in diameter 
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Roentgen Manifestations of Urticaria Pigmentosa 


Fic. 2. (4) Anteroposterior roentgenogram of dorsolumbar spine. Coarse and dense vertical trabeculae and 
condensing islets are seen in vertebral bodies. Note left side of first lumbar body. (B) Lateral roentgeno- 
gram of dorsolumbar spine. Note loss of normal density of vertebral bodies and condensing islets in 
the bodies of the dorsolumbar vertebrae, especially in the first lumbar. (C) Roentgenogram of the pelvis. 


Note irregular marrow spaces enclosed in a reticular, coarse and dense spongiosa, and the condensing 
bone islets in the left sacral wing and left iliac bone. 
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Fic. 3. Photograph showing the extensive skin 
lesions on the back. 


were seen in the tenth and twelfth dorsal and 
first lumbar vertebrae. Several similar densities 
from 3 mm. to 8 mm. in diameter were present 
in the body of the third lumbar vertebra. The 
bones of the pelvis had similarly lost their 
normal density. The wide irregular marrow 
spaces were enclosed in a reticular, coarse and 
dense spongiosa. There were several small islets 
of increased density in the left sacral wing, and 
one irregularly oval shaped condensing island 
2.§X1.5 cm. in diameter in the left iliac bone. 

We have observed the gradual growth of a 
condensing island in the body of the first 
lumbar vertebra. In the roentgenograms (gas- 
trointestinal series) taken in 1949 there was 
only a small, hardly noticeable islet 3 mm. in 
diameter. There has been a gradual increase of 
the lesion through the years of 1951, 1953, 
1954 and 1957, so that the lesion now measures 
2X2X2.5 cm. in diameter. 


CLINICAL AND PATHOLOGIC FEATURES 


Urticaria pigmentosa is considered to be 
an uncommon disease. Approximately 600 
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ltc. 4. (4) Photomicrograph of skin biopsy (low 
power) showing tissue mast cells in the corium. 
(B) Photomicrograph of skin biopsy (high power) 
showing tissue mast cells. 


cases have been reported since the first 
case was described by Nettleship in 186g9.*! 
Sangster in 1878 reported skin lesions in a 
child and described them as an “‘anomalous 
mottled rash accompanied by pruritus, 


Fic. 5. Photomicrograph of bone marrow aspirate 
(oil immersion) showing mast cells with coarse 
granules in cytoplasm. 
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urticaria, and pigmentation” and named 
it “urticaria pigmentosa.’”*' The disease is 
slightly more frequent in males than fe- 
males. Considering the age incidence, 
morphology, distribution of the skin le- 
sions, systemic involvement and prognosis, 
the disease can be classified into two 
groups: (1) the congenital or childhood 
type; and (2) the acquired or adult type. 

The childhood type is considered innocu- 
ous. The skin eruption may be present at 
birth or may begin within the first year. It 
gradually attenuates or spontaneously dis- 
appears before or at puberty. Seventy per 
cent of all recorded cases belong to this 
group. The skin eruption may be mani- 
fested by: (1) a solitary lesion such as an 
uncommon type of nevus or xanthoma; (2) 
solitary or disseminated lesions with blister 
formation (vesicular or bullous type); (3) a 
nodular or tumor form; or (4) the typical 
scattered macular pigmentations. The le- 
sions are intensely pruritic and when ir- 
ritated show evidence of dermographism 
(Darier’s sign). 

The adult type begins after puberty or 
later in life. The skin lesions appear as 
telangiectatic, pigmented, yellowish to red- 
brown macular or papular eruptions. The 
nodular form is rare in adults. The lesions 
are frequently wholly macular in type scat- 
tered over the trunk, especially the back, 
and on the face, scalp, palms and soles. The 
skin eruptions in the adult are also dis- 
tinguished from the childhood type by the 
mild character of the urticarious symptoms 
or not infrequently by their complete ab- 
sence. Systemic involvement including 
bone lesions is a more frequent occurrence 
in this group. The disease is a progres- 
sive one and usually lasts throughout 
life. 

The systemic manifestations in both 
types are characterized by general malaise 
and skin lesions appearing coincidentally 
with or following bouts of gastrointestinal 
disturbances, consisting of nausea, vomit- 
ing and diarrhea. Cases with severe gastro- 
enteritis, duodenal ulcer, polypoid changes 
in the gastric mucosa and gastric polyp 
have been reported.7'*:?#:4 Due to the 
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progressive nature and chronicity of the 
disease, a systemic accumulation of mast 
cells with concomitant fibrosis occurs and 
manifests itself by lymphadenopathy and 
hepatosplenomegaly. Involvement of the 
hematopoietic system with alterations in 
the bone marrow and the circulating blood 
is a frequent occurrence. Cases with as 
many as 35 per cent mast cells in the sternal 
marrow aspirates,® mast cells in the pe- 
ripheral blood,’:?’ leukopenia® and throm- 
bocytopenia® have been reported. A ma- 
lignant course of the disease is a potential 
sequence.*” 

There is a striking, common character- 
istic in all types of the disease. This is the 
presence of an increased number of connec- 
tive tissue mast cells in the dermis, lymph 
nodes, viscera and bone marrow. The tissue 
mast cells are usually found in the connec- 
tive tissue frame of the organs in relation to 
the arterioles and the venules. Frequently, 
they are distinctly perivascular in distribu- 
tion and infiltrate the walls of the vessels 
or proliferate in the subendothelial layer 
and protrude into the lumen of the vessel, 
partially or almost completely obstructing 
it.25 Since the histologic picture is domi- 
nated by tissue mast cell infiltrates, some 
authors have suggested the name “‘masto- 

Basophilic granular cells were first de- 
scribed in the blood and connective tissue 
by Ehrlich!® in 1879, who named them 
“‘Mastzellen.”” A number of characteristics 
serve to distinguish the tissue mast cell 
from the polymorphonuclear basophil leuk- 
ocyte. The tissue mast cell is histiocytic in 
origin. It has abundant cytoplasm contain- 
ing coarse granules and has a single round 
or oval shaped nucleus. Functionally, the 
two cell types are more closely related 
since they produce substances having the 
same pharmacologic action.® An increase 
in concentration of heparin,”®“ hyaluronic 
acid,! histamine,**** and serotonin (5- 
hydroxytryptamine),*> in the presence of 
mast cells leads to the presumption that 
the mast cell is the elaborator of these sub- 
stances. It is therefore proper to postulate 
that the diverse pathologic changes are 
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related not only to the hyperplasia but also 
to the action of the substances produced in 
larger than normal amounts by the nu- 
merically increased tissue mast cells. 

Hemorrhagic tendencies, prolonged bleed- 
ing time, increased coagulation time, in- 
creased Quick prothrombin time, and an 
abnormal heparin tolerance test have been 
reported and attributed to heparin ac- 
tion.*:!445.27 Another feature which has been 
ascribed to hyperheparinemia is the de- 
creased level of serum cholesterol found in 
some patients.** Hyaluronic acid,' another 
component of ground substance, together 
with heparin*®® may be instrumental in the 
increased deposition of collagen fibers re- 
sulting in the fibrosis. The urticarious 
manifestation may be traced back to his- 
tamine action. Riley*®* found that the skin 
lesion contained two and one-half times 
more histamine than the nearby normal 
skin. Histamine release is presumed to be 
triggered off by serotonin” (5-hydroxytryp- 
tamine) which is a smooth muscle stimu- 
lator and is elaborated normally by the 
chromaffin cell system of the gastrointes- 
tinal tract.” Recently, Asboe-Hansen 
and Wegelius® and Benditt e¢ a/.° suggested 
that this substance is also produced by the 
tissue mast cell. The frequent occurrence of 
gastrointestinal disorders may well be re- 
lated to the overproduction of histamine 
and serotonin. Duodenal ulcers with tissue 
mast cell infiltrates in operative and 
autopsy specimens were found in 2 cases. 
One of the patients had malignant masto- 
cystosis with leukemia-like manifesta- 
tions,!® the other had tissue mast cell 
leukemia.” In both cases, the possible as- 
sociation with urticaria pigmentosa was 
discussed by the authors. 

Two studies focused attention on the 
systemic nature of mastocytosis. The first 
was Bloom’s description of mast cell tumors 
in dogs in 1942.* Seven years later Ellis? 
published the first autopsy report of a pa- 
tient with this condition. This examination 
revealed tissue mast cell hyperplasia in the 
skin, lymph nodes, spleen, endosteum of 
bone, kidneys, periadrenal fat, and inter- 
stitial tissues of the pancreas. The liver 


Maxwell H. Poppel, a/. 


AUGUST, 1959 


showed tissue mast cell proliferation and 
periportal fibrosis. Ellis considered the 
process to be of a malignant nature. 


BONE INVOLVEMENT 


Stark and co-workers” were the first to 
do a bone biopsy in a case of urticaria pig- 
mentosa with roentgenologically demon- 
strable bone lesions. In the removed bone 
pieces from a rib they found numerous 
nodular distinctly granulomatous lesions 
within the marrow spaces. Because a large 
portion of the cell constituents of these 
granulomata were tissue mast cells, they 
suggested that the lesions should be des- 
ignated “‘mast cell granuloma of bone.” 
The architecture of bone was fairly well 
preserved. The larger lesions showed re- 
sorption of the adjacent bony spicules with 
a scalloped irregular edge without osteo- 
clasts. Around some of the large lesions a 
moderate condensation of collagen was ob- 
served, which occasionally merged imper- 
ceptibly with osteoid seams upon the bony 
spicules. They believe that these histo- 
logic changes consisting of bone resorption 
and bone production correlate with the 
roentgenologic findings of increased lu- 
cency and increased density of bone. 

The causal relationship of mast cell 
hyperplasia in the bone marrow and bone 
lesions was further proved by the autopsy 
studies of Sagher and co-workers*® of a 
fifty-five vear old female with urticaria pig- 
mentosa presenting bone lesions who died 
of terminal monocytic leukemia. They 
found widespread myelofibrosis and osteo- 
sclerosis in the skull, ribs, and vertebrae 
associated with tissue mast cell accumu- 
lations in the marrow spaces. They de- 
scribed the cortex of bones to be generally 
thinned and fused with the hyperplastic 
spongiosa. The marrow cavity was con- 
siderably narrowed by thickened, 
densely packed irregular trabeculae. Histo- 
logic examination showed the tables of the 
skull to be composed of several layers of 
lamellar bone. The trabeculae of the diploe 
were thick and consisted of layers of lamel- 
lar bone interspersed with some thin layers 
of fibrillary bone. The lumbar vertebrae ex- 
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hibited irregular thickened trabeculae com- 
posed of a core of old bone with an apposi- 
tion of immature fibrillary bone. The im- 
mature bone contained large osteocytes 
lying in a matrix of basophilic fibers. In 
some places the immature bone trabeculae 
were lined by a thin margin of osteoid. The 
marrow spaces in the diploe of the skull as 
well as in the spongiosa of the lumbar 
vertebrae were either filled with aggregates 
of tissue mast cells or were completely 
fibrosed. Mast cells were also observed 
lining large, empty vascular spaces. The 
same histopathologic changes were present 
in the ribs and iliac crest. In the marrow 
taken from the shaft of the right femur 
there were large areas of dense fibrous tissue 
bordered by a few small trabeculae of the 
mature spongiosa. A number of blood cap- 
illaries present in the fibrous tissue were 
lined by a layer of mast cells. Here and 
there mast cells were also present within the 
lumen or in a pericapillary location. 

For the purpose of proper evaluation of 
the roentgen manifestations of bone lesions 
in urticaria pigmentosa, the description of 
the lesions as given by the various authors 
and a compilation in chronologic order of 
the cases published since 1952 is presented. 
The first 19 cases were referred to and tab- 
ulated by Sagher and Schorr,*® who were 
entrusted to act as a central registry for 
these types of bone lesions. Table 1 is a 
modified tabulation of all cases with bone 
lesions recorded up to date. 


DISCUSSION 


Urticaria pigmentosa (mastocytosis) 1s a 
proliferative disease of tissue mast cells in- 
volving mainly the organs harboring the 
reticuloendothelial system. Some observers 
believe that it is a_reticuloendothelial 
disease.* #1 In certain respects it resembles 
the reticuloses, inasmuch as the tissue mast 
cell originates both from reticulum cells'® 
and fibroblasts.2’ The skin manifestation is 
but one symptom of a systemic malady, as 
for example, the dark red papulous skin 
eruption in nonlipid reticuloendotheliosis 
(Letterer-Siwe’s disease). 

The gross anatomic changes such as lym- 
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phadenopathy, hepatosplenomegaly, bone 
lesions, etc., are determined by hyperplasia 
of the tissue mast cell and fibrosis. The 
metabolic disorders encountered are speci- 
fic and related to the physiopathologic ac- 
tion of the substances elaborated in an in- 
creased amount by the numerically in- 
creased tissue mast cells. 

The roentgenographic changes in the 
bones are consistent with the pathologic 
findings encountered. Radiolucent zones 
and areas of increased density correspond 
to the structural changes due to bone re- 
sorption and bone proliferation. The lytic 
lesions represent areas of resorptive defects 
produced by the underlying hyperplastic 
cell constituents. The bone trabeculae of 
the spongiosa are destroyed through pres- 
sure exerted on the closed marrow spaces 
by tissue mast cell accumulations, either as 
intertrabecular infiltrates or granulomata. 
These lytic defects are small or large nar- 
row spaces and are variably described as 
localized or generalized cystic osteoporosis, 
as irregular or as round solitary or multiple 
lytic lesions. This is a phenomenon similar 
to that seen in Cooley’s anemia where the 
erythroblastic bone marrow constituents 
are numerically increased, or in the reticu- 
loses where a granulomatous hyperplasia 
of the reticulum cells occurs. 

The lesions appearing as increased dens- 
ity of bones described as thickened trabe- 
culae of the spongiosa, thickening of the 
cortex of the long bones with narrowing of 
the marrow space and as generalized osteo- 
sclerosis are caused by new bone formation. 


SUMMARY 


Urticaria pigmentosa (mastocytosis) is a 
systemic disease characterized by tissue 
mast cell hyperplasia in the corium and the 
host organs of the reticuloendothelial sys- 
tem. Tissue mast cell proliferation in the 
bone marrow can produce roentgenologi- 
cally detectable bone lesions. 


Maxwell H. Poppel, M.D. 
550 First Avenue 
New York 16, New York 
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BONE INVOLVEMENT WITH DISSEMINATED 
HISTO PLASMOSIS* 


By JOSEPH H. ALLEN, Jr., 


NASHVILLE, 


EDICAL consciousness of the true 

nature and extent of histoplasmosis 
has undergone a slow evolution, requiring 
the efforts of many individuals in different 
fields. In 1906, Darling’ found the organ- 
isms in smears from the liver, spleen, and 
bone marrow in 3 patients of a large group 
of Panamanians with splenomegaly in 
whom he suspected kala-azar. He named 
the organism “Histoplasma capsulatum”’ 
and believed it to be a protozoan parasite. 
Sporadic case reports!** appeared during 
the intervening years until 1934, when de 
Monbreun" correctly identified the organ- 
ism as a fungus. He cultured Histoplasma 
from a patient dying of the disease and de- 
scribed its two forms—the pathogenic yeast 
form and the vegetable mycelian form seen 
on culture medium. 

Still the disease was considered rare and 
almost uniformly fatal until 1945, when 
Christie and Peterson* and others” per- 
formed extensive skin testing surveys and 
revealed the widespread and usually benign 
nature of the infection in humans and in 
animals. Now we know that Histoplasma 
capsulatum lives in the soil® and is endemic 
not only in the central United States but 
also in parts of Mexico, Central America, 
South America, and Africa.® Sporadic cases 
have occurred in almost every country in 
the world and at least 41 epidemics have 
been reported.° 

Histoplasmosis infection is very similar 
to tuberculosis in the localized form’ but 
has somewhat different predilections with 
dissemination. Skin, lungs, lymph nodes, 
liver, spleen, bone marrow, adrenals, and 
intestine are most frequently seen as sites 
of granulations. In the fulminating dissemi- 
nated form, organisms are encountered in 
almost every body tsssue. Beamer ef a/.! re- 
ported 2 cases of Histoplasma vegetative 


* From Vanderbilt University Hospital, Nashville, Tennessee. 
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endocarditis, and cerebritis and encepha- 
litis have been reported." An interesting re- 
cent report? describes a case simulating 
Peutz-Jeghers syndrome, with pseudo- 
polypoid involvement of the intestine, and 
pigmentation presumably secondary to ad- 
renal destruction demonstrated at autopsy. 

Klingberg,* in 1950, reported the only 
case of primary bone involvement to date, 
and the purpose of this paper is to record 
2 more such cases. 


REPORT OF CASES 


Case 1. K.E.B., a three month old colored 
male, was admitted June 11, 1958, with a chief 
complaint of “swollen stomach” first noticed 
two weeks prior to admission. The birth weight 
was five pounds with poor gain subsequently. 
The admission temperature was 102°F. The 
liver was palpable three finger-breadths below 
the right costal margin and the spleen was 
markedly enlarged, extending below the iliac 
crest. No lymphadenopathy was noted. Perti- 
nent laboratory studies included Hb 7.0 gm., 

packed cell volume 23.3, white blood cell count 
9,500 and platelets 25,000. Histoplasmin and 
OT skin tests were negative. Bone marrow, 
spinal fluid, and blood cultures were all nega- 
tive. Histoplasmin complement fixation 
positive. 

Roentgenographic examination of the abdo- 
men revealed moderate hepatomegaly and 
marked splenomegaly (Fig. 1). Examination of 
the long bones (Fig. 2, 4 and B) showed a 
moderate degree of cortical thickening which 
appeared to be subperiosteal on all the shafts, 
osteoporosis, and questionable irregular wilen- 
ing of the medullary canals. Skull, chest, and 
pyelographic examinations were normal. Ab- 
sence of the proximal tibial epiphyses and rib 
and vertebral anomalies were noted incidentally. 
No involvement of the hands and feet was de- 
tected. 

The patient’s condition deteriorated steadily 
with progressive evidence of bone marrow de- 
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Fic. 1. Case 1. Abdominal roentgenogram showing 


moderate hepatomegaly and marked spleno- 
megaly. Incidental findings of rib and vertebral 
anomalies are present. 


pression. The white blood cell count dropped to 
1,500, the Hb to 5.1 gm., and the platelets to 
19,000. On June 25, 1958, the patient suddenly 
exhibited respiratory distress and died shortly 
thereafter. 

At autopsy, an emaciated child was en- 
countered. The spleen weighed a striking 300 
gm. and the liver also weighed 300 gm., indi- 
cating a considerably greater degree of splenic 
enlargement than of liver enlargement, as has 
been noted in previous cases. Histoplasma cap- 
sulatum was found in virtually every tissue of 
the body, free, in giant cells, and in granulo- 
mata. A single small granuloma was noted in 
the lungs. Massive bone marrow invasion was 
present, and there was marked extramedullary 
hematopoiesis. No cortical bone specimens were 
examined. The findings were considered typical 
of acute disseminated histoplasmosis. 


Case 11. R.A., a nine month old colored male, 
was admitted May 25, 1958, with a history of 
having been “‘sick all his life.” Birth weight was 
§ pounds 4 ounces and the patient weighed only 
Io pounds on entry. The admission temperature 
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was 101°F. The liver was palpable three finger- 
breadths below the right costal margin and the 
spleen extended below the iliac crest. No lymph- 
adenopathy was noted. Pertinent laboratory 
studies were Hb 3.8 gm., packed cell volume 13, 
white blood cell count 4,400, and platelets 
10,000. Histoplasmin and OT skin tests and the 
initial histoplasmin complement fixation test 
were negative. Bone marrow smear and several 
bone marrow cultures revealed Histoplasma, 
and the complement fixation test subsequently 
became positive. 

Roentgenographic examination revealed evi- 
dence of hepatomegaly and marked spleno- 
megaly. Examination of the skull (Fig. 3) dem- 
onstrated patchy destruction in the frontal and 
parietal areas, quite similar to that seen in a 
roentgenogram reproduced in Klingberg’s re- 
port.* Bone changes (Fig. 4 and 5, 4 and B) 
were more advanced than in Case 1, showing in 
addition to external cortical thickening and 
osteoporosis, multiple foci of rarefaction 
throughout the long bone shafts, and also in the 
epiphyses and bones of the hands and feet. The 
scapulae, clavicles, and pelvis were involved, 
but the ribs and vetebrae showed no abnormal- 
ity, except cortical thickening. The chest was 
within normal limits. As with the skull, the long 
bones of this case and Klingberg’s® case were 
strikingly similar. 

On July 22, 1958, a bone biopsy was per- 
formed. Pathologic examination from a lytic 
area of bone showed several small foci of gran- 
ulomatous formation and hyalinization within 
the periosteum. Disorganization of the cellular 
architecture was noted and small spherical 
bodies were seen which were shown to be Histo- 
plasma capsulatum with special staining. 

The patient is being treated with triple sulfa 
and amphotericin B and has shown a gradual 
improvement to date (August 20, 1958) with 
slight weight gain, increase in hemoglobin con- 
centration and decreased splenomegaly. 


DISCUSSION 

The marked similarity of findings in Case 
11 to those of the previously reported cases 
gives hope that the roentgen findings in this 
condition will be of real diagnostic value. 
Case 1 apparently represents a milder form 
of bone involvement, and the roentgen 
findings in these cases were no index to the 
severity of the disease. 
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Fic. 2. Case 1. (4 and B) Roentgenograms of the extremities showing external cortical thickening along 
the bone shafts, osteoporosis, and questionable irregular widening of the medullary canals. The skull 
examination was not remarkable. 


Fic. 3. Case 11. Lateral skull roentgenogram showing 
patchy rarefaction in the frontal and parietal Fic. 4. Case 1. Chest roentgenogram showing de- 
areas, similar to that seen in a previous report® of structive foci in clavicles and scapulae, and 
bone involvement. generalized cortical thickening. 
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Fic. 5. Case 11. (4 and B) Long bone roentgenograms showing patchy rarefaction involving also the epiphyses 
and the bones of the hands and feet. Definite irregular expansion of the medullary cavities is present, and 


external cortical thickening is noted as in Case 1. 


A case of knee joint involvement was re- 
ported by Key and Large’ in 1942. The 
patient was a young adult, and no pri- 
mary bone involvement was seen on the 
roentgenograms. Pathologic examination 
revealed a picture similar to tuberculous 
synovitis, with infected inflammatory tissue 
extending through the nutrient canals of 
the cortex and spreading out in the bone 
marrow spaces. No bone destruction was 
detected. No clinical evidence of join in- 
volvement was noted in either of the cases 
reported here. 

It is certainly conceivable that histo- 
plasmosis bone involvement occurs more 
frequently than the foregoing would indi- 
cate, considering the roentgenographic 
emphasis on chest findings and the pathol- 
ogist’s scant opportunity for careful bone 
study. 


SUMMARY 

1. Two cases of histoplasmosis bone in- 
volvement are described. 

2. Roentgen findings revealed wide- 
spread external cortical thickening in both 
cases, with multiple small destructive foci 
in one. 

3. Both cases showed striking spleno- 
megaly and moderate hepatomegaly, as 
often reported previously in disseminated 
histoplasmosis. 

4. Roentgenographic findings correlate 
well with the previously reported case and 
appear to have real diagnostic value. 
Vanderbilt University Hospital 
Nashville 5, Tennessee 


The author gratefully acknowledges the as- 
sistance given him by Dr. Amos Christie and 
Dr. Herbert C. Francis in preparing this report. 
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THE NAVICULO-CAPITATE FRACTURE SYNDROME 


By ALBERT P. MARSH, M.D.,* and PETER J. LAMPROSfT 


BROOKLYN, 


CASE of multiple fractures of the 

wrist and carpal bones is presented to 
bring an unusual syndrome to the atten- 
tion of radiologists. It is important to 
recognize this entity as such because the 
preferred method of treatment is early sur- 
gical intervention. 

The naviculo-capitate fracture syndrome 
was first so named by Fenton! in 1956. 
Similar cases were previously reported by 
Fenton and Rosen? in 1950 and by Jones in 
1955.° 

The case being reported here, besides 
having all the features of this syndrome, 
has associated fractures of the triquetrum, 
radius and ulnar styloid (Fig. 3). 


ANATOMY, PATHOLOGY AND ROENTGEN 
FINDINGS 


The capitate is not normally subject to 
injury because of its protected location 
within the carpal structures. The mecha- 
nism of a navicular fracture is illustrated in 
Figure When force is so applied, the 
waist of the navicular impinges upon the 
radial styloid, causing the navicular to be 
fractured at its most vulnerable spot. 
However, if the force is sufficient and the 
direction appropriate, the proximal head of 
the capitate will be included in this line of 
force, causing a fracture with subsequent 
180° rotation of the proximal capitate frag- 
ment (Fig. 2). From the appearance of the 
roentgenogram (Fig. 3), it is easy to see 
how there could be considerable confusion, 
if the mechanism of injury is not appre- 
ciated. 

This hypothesis is supported by the iden- 
tical appearance of all the cases reported, 
in which an uninterrupted line can be 
drawn through the radial styloid, navicular 
fracture and the fracture line in the distal 
capitate fragment. 
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Fic. 1. Drawing of the normal relationship between 
the carpal bones and radius with the direction of 
force showing the mechanism of injury. 


TREATMENT 


Since the blood supply to the capitate 
enters its distal portion, the proximal ro- 
tated fragment is avascular and will be- 
come necrotic. It is advised by Fenton! 
that this fragment be excised to prevent 
disability that might result from this re- 
tained necrotic fragment. Excision is rela- 
tively simple, since the fragment usually 
lies free in the joint with no ligamentous 
attachments. Prolonged and rigid im- 
mobilization is required for the accompany- 
ing navicular fracture rather than for the 
capitate injury. 

In a case reported by Jones,* which has 
the same roentgen appearance, the fracture 
was allowed to remain in the position of 
injury and it healed spontaneously. Jones 
was of the opinion that the injury under- 
went spontaneous reduction. 


REPORT OF A CASE 


Mr. D.C., a twenty-two year old white male, 
entered The Brooklyn Hospital emergency 


* Chief Resident, Department of Radiology, The Brooklyn Hospital, Brooklyn, New York. 
t Director of the Department of Radiology, The Brooklyn Hospital, Brooklyn, New York. 
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Fic. 2. Drawing of the appearance of the fracture 


fragments with 180° rotation of the proximal head 
of the capitate. 


room on August g, 1958. He had injured his 
right hand and wrist, but was unable to recall 
the exact mechanism of the injury. Roentgeno- 
grams taken at this time showed fractures of the 
radius, ulna, navicular, capitate and triquetrum 
(Fig. 3). Initially, the syndrome described in 
this communication was not recognized. A cast 
was applied and the patient went home. When 
the nature of the injury was appreciated, the 
patient was requested to return for further ex- 
amination and treatment. However, it was at 
least one month before he returned to the clinic 
and, at this time, the navicular showed evidence 
of repair and the proximal capitate fragment 
was becoming necrotic. Since the navicular was 
healing, it was decided not to operate for fear of 
disturbing the blood supply to the navicular. 
The necrotic capitate fragment was to be re- 
moved at a later date. At the time of this writ- 
ing, six months after the original injury, the 
patient has not returned for further care. 


CONCLUSION 

An unusual fracture syndrome of the 
navicular and capitate bones, with asso- 
ciated fractures of the triquetrum, radius 


and ulna, is presented. It is felt that the 
naviculo-capitate syndrome should be re- 
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Fic. 3. Roentgenogram demonstrating the naviculo- 
capitate fracture syndrome with associated frac- 
tures of the radius, ulna and triquetrum. 


membered when evaluating wrist fractures 
so that proper treatment can be instituted 
early to avoid any disability that might 
result from delayed or improper therapy. 
Albert P. Marsh, M.D. 

The Brooklyn Hospital 

De Kalb and Ashland Place 

Brooklyn 1, New York 


Appreciation is expressed to Mr. William De 
Veer for the photographic work done in the 


preparation of this article. 
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CERVICAL FRACTURE DISLOCATION 
IN RHEUMATOID SPONDYLITIS 
A CASE STUDY 
By VINCENT C. HINCK, M.D. 


PORTLAND, OREGON 


HE following case is reported as a 
medical curiosity. 


REPORT OF A CASE 


A fifty-six year old white male (No. 16-47-59) 
was admitted to the University of Oregon Hos- 
pital with a history of having fallen in the bath 
tub at home the day before. After the fall he 
complained of pain in the lower cervical and 
right shoulder regions as well as paresthesia of 
the first four digits of the left hand. 

Roentgenograms on admission revealed ad- 
vanced rheumatoid spondylitis of the cervical 
spine and a fracture dislocation at the level of 
the C6—C7 interspace (Fig. 1). The fracture line 
neatly divided the vertebral column without 
following the anatomic landmarks en route. The 
cervical spine was a solidly fused block of bone. 
At the level of the dislocation, the sagittal diam- 
eter of the spinal canal measured but 3.5 mm., 
whereas according to Wolf, Khilnani and Malis? 
the average normal at this level is 17 mm. and 
the minimal normal 12 mm. 

Neurologic examination failed to reveal any 
abnormalities other than the sensory changes of 
the left hand. 

After six weeks of traction in Crutchfield 
tongs, a Minerva jacket was applied. Restitu- 
tion of good position and alignment at the frac- 
ture site was accomplished and within two 
months of the time of injury there was good 
progress toward osseous union. Neurologic find- 
ings reverted to normal. 


COMMENT 


Two similar cases are reported by Crooks 
and Birkett! both of which were fatal with- 
in a few days. In one, the fracture was un- 
accompanied by dislocation. 


3181 S. W. Sam Jackson Park Road 
Portland 1, Oregon 
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Fic. 1. Fracture dislocation of the cervical 
spine in rheumatoid spondylitis. 
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JOINT INFECTIONS FOLLOWING STEROID THERAPY: 
ROENTGEN MANIFESTATIONS* 


By RODERICK L. TONDREAU, M.D.,+ PHILIP J. HODES, M.D.,t and 
ERWIN R. SCHMIDT, Jr., M.D.§ 


PHILADELPHIA, PENNSYLVANIA 


HILE ACTH and some of the adreno- 

corticosteroids can reduce inflamma- 
tion, eliminate fever and induce a state of 
well being in a number of unrelated condi- 
tions, there are certain side effects which are 
likely to occur, especially when these hor- 
mones are used for long periods. It has been 
demonstrated both experimentally and 
clinically that these compounds may inter- 
fere with the defense mechanism of the host 
allowing a latent or chronic infection to 
spread through the tissues. 

The complications of the systemic admin- 
istration of ACTH and cortisone include: 
adrenocortical hyperfunction, sodium and 
water retention, mental disturbances, exac- 
erbation of ulcers in the gastrointestinal 
tract and activation and spread of infec- 
tions.!-*.7.8.22-15 Relatively few papers have 
been concerned with bone and joint com- 
plications. 

Not long after discovery of the antirheu- 
matic effects of cortisone, direct injection 
of this compound into affected joints was 
suggested because such a procedure would 
involve only the diseased part rather than 
the entire organism. While cortisone itself 
was ineffective in this regard, hydrocorti- 
sone gave dramatic results. In go per cent 
of cases there was at least partial suppres- 
sion of the local inflammatory process with- 
in twenty-four hours. The duration of relief 
varied from a few days to many weeks, with 
an average of about eight days. Effect was 
limited to the involved joint without ac- 
companying systemic reaction. The thera- 
peutic field was widened to include, in addi- 


* Pp 


1958. 


tion to rheumatoid arthritis, patients with 
osteoarthritis, gouty arthritis, trauma, 
joint manifestations of collagen diseases, 
tenosynovitis and bursitis. Rapid anti-in- 
flammatory response took place in all of 
these conditions. The mode of action of 
hydrocortisone in these diseases is poorly 
understood but it is apparently nonspecific. 
Since 1951, Hollander and his colleagues*® 
have made about 75,000 injections into 
various joints of almost 4,000 patients. In 
the majority of these patients, hydrocorti- 
sone acetate was employed. In some in- 
stances, this particular compound was in- 
effective and hydrocortisone t-butylacetate . 
or prednisolone (t-butylacetate) were sub- 
stituted with success. Hollander and his 
co-workers’ have reported the following 
complications: In 2 per cent of their pa- 
tients, there was local exacerbation of 
symptoms two to seventy-two hours after 
injection; rarely, there was weakness in the 
injected extremity, general weakness and 
vertigo, local urticaria at the injected site, 
and thrombophlebitis. There were several 
instances of septic arthritis; and, in several 
cases, there was said to be aggravation of 
tuberculous arthritis. However, they did 
not publish details of these cases. 

The purpose of this paper is to review the 
histories of 16 patients who developed joint 
infections after the intra-articular adminis- 
tration of hydrocortisone. Five of these pa- 
tients had also received systemic steroid 
therapy. In addition, we are reporting the 
history of a patient who received no intra- 
articular injections but who developed pul- 


resented at the Fifty-ninth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 30—October 3, 
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monary tuberculosis and tuberculosis of the 
hip while on a prolonged course of systemic 
steroid therapy for lupus erythematosus. 


REVIEW OF LITERATURE 


Rabinowitz,'° in 1955, reported a case of 
pyarthrosis following the intra-articular in- 
jection of hydrocortisone. The patient had 
experienced immediate and intense pain. 
Aspiration of the joint five days later re- 
vealed purulent material, culture of which 
demonstrated hemolytic staphylococcus 
aureus. He also stated that he knew of an- 
other case—suppuration of a shoulder fol- 
lowing the use of hydrocortisone. Because 
so many writers emphasized the importance 
of extreme caution in technique and the 
danger of infection, Rabinowitz was of the 
opinion that perhaps there were occasional 
reactions which were at first suspected of 
being infections but subsided later. 

Thomet" recorded 2 instances of purulent 
arthritis (staphylococcus aureus) following 
intra-articular injections of hydrocortisone, 
one of which was followed by fatal outcome 
and the other by ankylosis of the involved 
joint. This author recommends the simul- 
taneous injection of penicillin with hydro- 
cortisone. 

Mills, Boylston, Greene and Moyer‘ re- 
ported 2 unusual cases of septic arthritis as 
a complication of orally given steroids. 
Septic arthritis occurred in 2 patients while 
they were receiving steroid medication. 
One, a thirty-four year old woman, had 
been given corticotropin, cortisone, hydro- 
cortisone and prednisone at varying inter- 
vals over a period of years for treatment of 
lupus erythematosus. Severe, destructive 
arthritis developed in the left knee; the re- 
markable feature was absence of pain and 
fever. Their second patient was a fifty-four 
year old man who had recurrent general- 
ized exfoliative dermatitis treated at vari- 
ous times with prednisone, corticotropin 
and hydrocortisone. The patient developed 
septic arthritis in one knee and both hands; 
there was also absence of pain and fever. 


Joint Infections Following Steroid Therapy 
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REPORT OF CASES 

Case 1. A.C., a sixty-nine year old woman, 
had been given injections of hydrocortisone into 
the left knee over a period of years because of 
degenerative joint disease. On May 22, 1958, 
following her usual injection there was almost 
immediate increase of pain. Within twenty-four 
hours, the pain was excruciating. The knee was 
swollen and tender and motion was limited. On 
admission, needle arthrotomy revealed pus con- 
taining hemolytic staphylococcus aureus, co- 
agulase positive. 

A roentgenogram made on June 20, 1958 re- 
vealed evidence of bone destruction at the 
medial aspect of the knee joint. The infection 
responded to antibiotics and immobilization. 


Case ul. B.C., a sixty-one year old woman, 
had received multiple injections of hydro- 
cortisone into both knees over a long period of 
time because of degenerative joint disease. On 
June 9, 1955 she was admitted because of 
symptoms suggestive of duodenal ulcer. Just 
prior to release from the hospital (June 18, 
1955), both knees were injected with hydro- 
cortisone. Within twenty-four hours, she noted 
pain in the right knee. On re-admission (June 
24,1955), her temperature was 101.2°F. and the 
right knee was hot and swollen and motion was 
restricted because of pain. Aspiration yielded 
thick, grayish purulent material which proved 
to contain hemolytic staphylococcus aureus, 
coagulase positive. At this time, roentgeno- 
grams of the right knee revealed moderate de- 
generative change but no evidence of septic 
arthritis. Subsequent roentgenograms revealed 
demineralization and destructive changes es- 
pecially involving the medial aspects of the 
femur and tibia. 

Treatment consisted of local and systemic 
antibiotics supplemented by plaster immobiliza- 
tion. Attempts at ambulation resulted in re- 
currence of symptoms and incision and drainage 
were necessary. Subsequent course was un- 
eventful though recovery was prolonged. She 
now walks without discomfort. Motion is re- 
stricted to about 50 per cent normal. 


Case m1. M. Dra., a seventy-eight year old 
woman, had had degenerative joint disease for 
many years. Several joints had been involved. 
On examination, the right knee was found to be 
slightly swollen and tender. The fluid obtained 
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from the involved knee was clear and considered 
characteristic of osteoarthritis. An injection of 
hydrocortisone (30 mg.) was administered and 
there was prompt relief. This was repeated in 
ten days with continuing good results. Two 
days after the second injection, the patient 
noted swelling and pain of a different type. 
Aspiration yielded cloudy fluid from which 
clostridium perfringens was grown. Immediate 
intra-articular instillation of penicillin con- 
trolled the infection and there have been no 
sequelae. 


Case tv. M. Dre., a fifty-three year old wom- 
an, had visited the hospital as an outpatient for 
three or four years because of rheumatoid ar- 
thritis. She had received cortisone (40 mg. daily 
by mouth) and had been given periodic injec- 
tions of hydrocortisone into both knees. On 
January 24, 1955, about five days after the last 
injection of hydrocortisone, the right knee be- 
came swollen. There was also evidence of 
phlebitis in the leg. General malaise was present. 
On February 7, 1958, 40 cc. of cloudy fluid was 
aspirated from the right knee. Culture revealed 
hemolytic staphylococcus aureus, coagulase 
positive. Intra-articular antibiotics were given, 
and steroids were continued by mouth. 

Because response was not satisfactory, she 
was admitted to the hospital on May 13, 1955. 
The right knee was swollen, hot and tender. 
Roentgenograms showed changes characteris- 
tic of rheumatoid arthritis but none specific for 
septic arthritis. Cultures of the effusion again 
revealed hemolytic staphylococcus aureus. In- 
tensive antibiotic therapy was given. Two in- 
jections of 2 cc. of meticorten were made into 
the right knee and a single injection into the 
left knee. Definite improvement took place and 
she was discharged on May 27, 1955. She was 
placed on oral steroid therapy. Antibiotics were 
continued. Braces were ordered for both knees 
because of instability. 

The patient was re-admitted on August 12, 
1955 because of recurrence of infection in the 
right knee. Again, culture revealed hemolyt- 
ic staphylococcus aureus. Roentgenograms 
showed progression of destructive changes at- 
tributable to the basic rheumatoid process. The 
infection was brought under control by means 
of intramuscular and intra-articular penicillin. 


Case v. T.G., a fifty-nine year old woman, 
had received injections of hydrocortisone into 
the region of the left subdeltoid bursa during a 


R. L. Tondreau, P. J. Hodes and E. R. Schmidt, Jr. 


AuGUST, 1959 


two month period. Two days before admission, 
she had severe pain associated with heat, swell- 
ing and fever. Aspiration yielded purulent mate- 
rial from the superficial tissues of the left 
shoulder. Microorganisms could not be culti- 
vated. However, from a clinical point of view 
the patient had an infection of the soft tissues of 
the left shoulder. A roentgenogram revealed no 
abnormalities. Following open surgical drain- 
age and antibiotics, there was satisfactory re- 
sponse. 


Case vi. A.H., a sixty-one year old woman, 
had had multiple joint symptoms, presumably 
on the basis of rheumatoid arthritis for at least 
fourteen years (Fig. 14). Intra-articular injec- 
tions of steroids had provided satisfactory relief 
for several years. With the onset of symptoms 
in the right subtalar region, 4 injections of hy- 
drocortisone were given at weekly intervals. A 
few hours after the last injection, a fluctuant 
swelling appeared over the sinus tarsi of the 
affected foot. Any motion caused considerable 
distress. On admission, aspiration revealed 
purulent material, culture of which demon- 
strated hemolytic staphylococcus aureus, co- 
agulase positive. A roentgenogram (Fig. 1B) 
showed marked destructive changes at the talo- 
navicular joint and local de-ossification at the 
superior aspect of the os calcis. Treatment con- 
sisted of several incision and drainage proce- 
dures, sequestrectomy and multiple plaster cast 
applications over a three year period before the 
infection was brought under control. The devel- 
opment of these changes is depicted in accom- 
panying roentgenograms (Fig. 1, 4—D). 


Case vit. M.H., a fifty-six year old white 
woman, had had tuberculosis in childhood and 
rheumatoid arthritis for many years. At vari- 
ous times, the metacarpophalangeal joints, 
shoulders and more recently, the right knee had 
been involved (Fig. 2C). The symptoms had 
been well controlled by systemic steroids and 
repeated injections of hydrocortisone into the 
right knee joint space. One week prior to ad- 
mission (ten days after the last injection of 
hydrocortisone), there was aggravation of pain 
in the right knee, This was accompanied by heat 
and swelling. On admission (October 28, 1955), 
the physical examination showed a low grade 
fever (99°F.) and thickening of the metacarpo- 
phalangeal and proximal interphalangeal joints, 
the wrists and both knees. The right knee was 
singularly swollen and hot. Roentgenograms of 
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Fic. 1. Septic arthritis following an injection of hydrocortisone. (4) Roentgenogram of right foot and ankle 
made about one year before episode of septic arthritis showing hypertrophic changes at talo-navicular 
joint. (B) Roentgenogram made after onset of septic arthritis showing marked destructive changes at 
talo-navicular joint. Note beginning local de-ossification at superior aspect of os calcis. (C) Fusion has 
taken place at talo-navicular joint. Destructive process now involves the os calcis and the subtalar joint. 
(D) Subtalar joint is almost completely obliterated. Ankle joint is now involved by the infectious process. 


the left knee were negative, while those of the 
right knee showed narrowing and irregularity 
of the joint space and subchondral bone de- 
struction. Culture of the fluid obtained from the 
right knee revealed hemolytic staphylococcus 
aureus, coagulase positive. Penicillin therapy 
(600,000 units b.i.d.) was instituted. On No- 
vember 4, 1955, an attempt at needle drainage 
of the right knee was unsatisfactory and on No- 
vember 9, open drainage was done. Grossly 
purulent material was present in the joint and 
the formation of adhesions had begun. Through- 
out this period, additional medication included 
erythromycin (250 mg. 4 times daily) and 
prednisolone (20 to 25 mg. daily). 
Improvement in the condition of the right 
knee took place until the patient was able to 


walk with crutches. In spite of the use of anti- 
biotics and in the absence of clinical signs of in- 
fection, she continued to have a low grade fever. 
Because of emotional problems, she was dis- 
charged on December 29, 1955. At the time of 
release from the hospital, she was receiving 
prednisolone (20 mg. daily). 

She was re-admitted on January 3, 1956 be- 
cause of the persistence of fever during her five 
day stay at home; the temperature had spiked 
to over 103°F. On re-admission, she was ob- 
viously more toxic than she had been previ- 
ously. Her only complaint was that of weak- 
ness. Examination showed a freely perspiring 
individual whose temperature was 101°F. Ex- 
amination of the chest revealed diffuse moist 
rales in both bases, Grade 2 apical systolic and 
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Fic. 2. Septic and tuberculous arthritis and disseminated tuberculosis in a patient receiving hydrocortisone. 
(A) Chest roentgenogram showing prominent truncal markings and localized infiltrate in right lower lobe. 
(B) Chest roentgenogram showing disseminated lesions in both lungs with conglomerate areas particularly in 
left lung. (C) Roentgenogram of right knee showing changes of advanced rheumatoid arthritis. (D) Right 
knee. Destructive changes of septic arthritis superimposed on basic rheumatoid process. At autopsy, 
patient was found to have tuberculosis involving numerous organs. 
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Grade 2 basal blowing murmurs. The liver edge 
was palpable 3 cm. below the right costal mar- 
gin. The right knee was red, swollen and hot and 
small quantities of purulent material were dis- 
charging from the orifices of the surgical drain- 
age sites. It was believed that the patient had 
septicemia as a result of pyarthrosis of the 
right knee, subacute bacterial endocarditis and 
hepatic, perirenal or pulmonary bacterial me- 
tastases. Massive doses of antibiotics (penicillin 
and erythromycin) were begun. Repeated blood 
cultures were negative. Culture of the discharge 
material from the right knee showed hemolytic 
staphylococcus aureus, coagulase positive, re- 
sistant to all standard antibiotic solutions. 

A chest roentgenogram made on January 6, 
1956 demonstrated prominent markings and a 
localized inflammatory process in the right 
lower lung field (Fig. 24). Roentgen examina- 
tion of the right knee on January 12, 1956 
showed evidence of destruction over and above 
the basic rheumatoid arthritic process (Fig. 2D). 

On January 25, 1956, open drainage of the 
right knee was again performed. During hos- 
pitalization, the patient remained toxic and 
febrile despite massive doses of antibiotics. She 
remained on steroid therapy throughout her ad- 
mission—receiving 20 to 25 mg. metacorten 
daily. 

It was felt that other localized collections, 
particularly in the region of the liver, might be 
present and a surgical consultation was ob- 
tained but the surgeon believed that any sur- 
gical procedure should be deferred. 

During the last week of January, 1956, the 
patient developed urinary and fecal inconti- 
nence. The first sign of peripheral neuropathy 
appeared about February 3, 1956. This was 
first manifest as weakness of the right arm. By 
February 8, 1956, urinary retention had super- 
vened. Within forty-eight hours, there was rapid 
advance of paralysis affecting all of the sensory 
and motor elements below the level of the fifth 
cervical segment. A spinal fluid examination 
was negative. Cathomycin (500 mg. every six 
hours) was started on February 15, 1956 but as 
it was ineffective this medication was stopped in 
one week. 

On February 21, 1956, a chest roentgenogram 
revealed disseminated lesions in both lungs with 
some coalescent areas (Fig. 2B). The differential 
diagnosis included metastatic staphylococcal 
abscesses, fungus infection, metastatic carci- 
noma and miliary tuberculosis. 
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There was progressive deterioration and the 
patient died on February 29, 1956. 

Autopsy showed miliary tuberculosis involv- 
ing the heart, lungs, liver, spleen, kidneys, right 
knee and lymph nodes. There was also tuber- 
culous pneumonia and there were tuberculous 
abscesses of the brain and cervical spinal cord, 
tuberculous pyelonephritis and tuberculosis of 
the left chest wall. 

There was also thrombosis of the iliac veins 
and lower vena cava and there was lipoid de- 
pletion of the adrenal cortex. Finally, there were 
multiple superficial ulcerations of the stomach, 
duodenum, colon and rectum. 


Case vu. A. Ing., a sixty-three year old man, 
had had rheumatoid arthritis involving mainly 
the hands and knees since 1922. A roentgeno- 
gram of the right knee showed minimal degen- 
erative changes. Various modes of treatment 
had been employed over the years giving mild 
to moderate relief. In 1957, unrelenting pain in 
the knees occurred. On July 7, 1957, hydro- 
cortisone was injected into both knees. During 
the next twenty-four hours, heat, pain and 
swelling developed in the right knee. The tem- 
perature was 102°F. At this time, a needle 
arthrotomy was performed and a combination 
of penicillin and cortisone was instilled into the 
joint. Penicillin was also given intramuscularly. 
Repeated cultures showed hemolytic staphylo- 
coccus aureus, coagulase positive. In seven 
weeks, cultures from the joint were sterile but 
attempts at ambulation caused recurrence of 
symptoms and positive cultures were secured 
once more. A roentgenogram of the right knee 
made at about this time showed localized de- 
struction at the lateral aspect of the joint. 

Following recovery from intercurrent pneu- 
monia (apparently not staphylococcal in origin), 
open draingage of the right knee was accom- 
plished. After removal of drains, healing took 
place satisfactorily. 


Case 1x. A. Ir., a sixty-three year old man, 
had been treated for rheumatoid arthritis since 
1952. Various joints had been involved. Oral 
cortisone afforded moderate relief. In addition, 
occasional intra-articular hydrocortisone injec- 
tions were made. Symptoms were well con- 
trolled until September, 1954 when, following 
an intra-articular injection of hydrocortisone, 
he noted increase of tenderness and swelling of 
the left knee. Continued injection gave some 
relief but following the last injection, there was 
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marked exacerbation of symptoms and_hos- 
pitalization was advised. 

On admission on February 14, 1955, the left 
knee was markedly swollen. The white blood 
cell count was 16,000 with 77 per cent neutro- 
phils. Routine arthrotomy revealed hemolytic 
staphylococcus aureus, coagulase positive. 
Roentgenograms showed extensive destruction 
apparently due to septic arthritis superimposed 
on the basic rheumatoid process (Fig. 3). Clin- 
ically, the process responded promptly to chlor- 
amphenicol and streptomycin. A fusion proce- 
dure was subsequently performed and he is now 
asymptomatic. 


Case x. H.I., a sixty-one year old man, had 
had generalized rheumatoid arthritis for many 
years. Satisfactory relief was obtained by in- 
jections of hydrocortisone. In April, 1953, a 
synovectomy of the right knee was performed, 
and, at this time, it was noted that there was 
almost complete destruction of the articular 
cartilage. 

Following intermittent injections of hydro- 
cortisone into the knees, the patient received 
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good relief of symptoms. On May 5, 1954, two 
days after an injection, there was sudden swell- 
ing, pain and tenderness in the right knee. Aspi- 
ration and culture revealed hemolytic staphylo- 
coccus aureus. Roentgenograms (made else- 
where and no longer available) showed destruc- 
tion of articular cartilage, medial tibial plateau 
and lateral condyle of the femur. 

Parenteral and intra-articular antibiotic 
therapy as well as immobilization by means of a 
plaster cast led to control of symptoms and 
spontaneous fusion of the joint. 


Case xt. M.L., asixty-eight year old woman, 
was in good health until two months prior to 
admission when she noted pain and swelling of 
the left knee. This was accompanied by en- 
largement of the foot and leg, especially at the 
end of the day. During the next four weeks, the 
knee joint was needled and injected with 
steroids. Forty-eight hours before admission 
and an indeterminate period following the last 
injection (performed elsewhere), she noted in- 
creased heat and tenderness of the left knee. 


Fic. 3. Septic arthritis. Anteroposterior and lateral roentgenograms showing 
marked bone destruction about the left knee. 
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On admission, the left knee was hot, tender 
and swollen. Just distal to the patella was a 
subcutaneous area of fluctuation measuring 
3X5 cm. There was also cellulitis from the 
knee to the ankle. Despite the extensive infec- 
tion, normal motion was preserved in the knee, 
demonstrating that the inflammatory process 
was probably superficial. Incision and drainage 
yielded pus containing hemolytic and non- 
hemolytic staphylococcus albus, coagulase nega- 
tive. No furuncles or evidence of skin abrasion 
were present. It was thus felt that infection was 
secondary to the injections of hydrocortisone. 
Response to antibiotics was excellent. 


Case xu. J.M., a twenty-three year old 
woman, had lupus erythematosus. In October, 
1953, the right knee became swollen and tender. 
She was treated by means of intra-articular in- 
jections of hydrocortisone. During the course of 
treatment, the knee became infected. Aspira- 
tion and culture yielded hemolytic staphylo- 
coccus aureus. A roentgenogram made shortly 
after onset of infection showed nothing abnor- 
mal. A subsequent roentgenogram made on De- 
cember 15, 1953 disclosed marked demineral- 
ization of the bones about the right knee joint 
with suggestion of destruction involving the 
joint surface of the patella. She was treated with 
systemic and local antibiotics. No follow-up is 
available. 


Case xin. H.P., a forty-eight year old woman, 
had had rheumatoid arthritis and had received 
multiple intra-articular injections of hydro- 
cortisone over the course of several months. 
Twelve days before admission on June 1, 1955, 
an injection of hydrocortisone was made into 
the left knee. Within a few hours, heat and 
tenderness were apparent. Because of sensitiv- 
ity to penicillin, the patient was admitted to the 
hospital. 

On admission, the left knee was found to be 
hot, tender and swollen. The white blood cell 
count was 11,000 with 85 per cent neutrophils. 
Culture of the material aspirated from the knee 
joint showed hemolytic staphylococcus aureus, 
coagulase positive. A roentgenogram on June 
2, 1955 revealed no abnormalities (Fig. 44). 

Appropriate antibacterial therapy was in- 
stituted. The knee was immobilized in plaster. 
Roentgenograms made on July 14, 1955 and 
August I, 1955 demonstrated evidence of septic 
arthritis (Fig. 4, B and C). Treatment continued 
over a three month period and at that time 
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ambulation was begun. A follow-up roentgeno- 
gram made on April 3, 1956, about ten months 
after the infection started, showed evidence of 
repair with residual defects (Fig. 4D). 


Case xiv. S.S., a forty-four year old woman, 
had had rheumatoid arthritis for ten years. She 
had been receiving 87.5 mg. of cortisone by 
mouth daily. The symptoms were well con- 
trolled except for those in her knees. Periodic 
injections of hydrocortisone were therefore ad- 
ministered and relief was obtained following 
intra-articular injections of 20 mg. of this com- 
pound. 

On April 5, 1952, such an injection was given 
in the right knee. Mild acne was present over 
the medial aspect of the knee at the time of the 
injection. Within thirty-six hours, heat, tender- 
ness and swelling developed; culture of the 
aspirated material revealed hemolytic staphylo- 
coccus aureus. Prompt initiation of intra- 
articular penicillin caused abatement of the 
symptoms. The patient developed a deep phle- 
bitis of the leg during the course of the infection 
but she has completely recovered and there 
have been no sequelae. 

No roentgenograms were made at the time of 
the infectious process. 


Case xv. Y.S., a fifty-five year old woman, 
who had a long history of rheumatoid arthritis, 
had been well controlled by administrations of 
oral and intra-articular steroids. However, she 
developed septic arthritis of the left knee. Cul- 
ture of aspirated material revealed hemolytic 
staphylococcus aureus. Antibiotic therapy con- 
trolled symptoms but progressive destruction of 
joint surfaces and loss of stability subsequently 
led to a fusion operation. 

Roentgenograms (which have been lost) 
showed advanced changes of rheumatoid ar- 
thritis in 1952. In 1955, roentgenograms re- 
vealed marked destructive changes superim- 
posed on the basic rheumatoid process, appar- 
ently resulting from secondary infection. 


Case xvi. M.Z., a fifty-six year old woman, 
had had degenerative joint disease involving 
mainly the right knee for many years. In 1955, 
several loose bodies were removed. Subse- 
quently, she obtained good relief with inter- 
mittent intra-articular hydrocortisone injec- 
tions. 

In April, 1956, the patient received her usual 
injection and two days later noted heat, swell- 
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Fic. 4. Septic arthritis. (7) Roentgenogram of left knee made two weeks after onset of infection shows no 
evidence of septic arthritis. (B) Roentgenogram made two months after start of infectious process shows 
evidence of septic arthritis with destruction of bone at lateral and medial aspects of joint. (C) Slight 
progression as compared to B. (D) Ten months after onset of infection, residual defects are seen but areas 
of destruction have partially filled in. 
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lic. §. Tuberculous arthritis. (4) Focal de-ossification of head of right femur. (B) Destructive 
changes involving acetabulum and femur. Narrowing of joint space. 


ing and tenderness of the right knee. Aspiration 
and culture showed non-hemolytic staphylococ- 
cus albus. Instillation of penicillin controlled 
symptoms. Repeated roentgenograms showed 
marked degenerative change but no changes 
suggestive of septic arthritis were noted. 


Case xvut (Veterans Administration Hos- 
pital, Lebanon, Pa., courtesy of Dr. H. S. 
Callen). A thirty-eight year old man was ad- 
mitted to the hospital for the fifth time on No- 
vember 12, 1957 because of pain and swelling of 
the right hip of six months’ duration. The pa- 
tient had been on steroid therapy (10-s50 mg. 
meticorten daily) for two and one-half years for 
treatment of lupus erythematosus. 

At the time of his second admission on No- 
vember 10, 1955, diffuse miliary lesions of the 
lungs were first noted. Antituberculous therapy 
in the form of PAS and isoniazid was adminis- 
tered from November, 1955 to July, 1956 and 
the lesions disappeared. A roentgenogram of the 
pelvis and hips on November 12, 1957 revealed 
evidence of slight de-ossification in the head of 
the right femur (Fig. 54). By December 17, 
1957, there was definite bone destruction (Fig. 
5B). Incision and drainage yielded thick yellow 
pus which was positive for tubercle bacillus. A 
chest roentgenogram on December 17, 1957 re- 
vealed miliary lesions in the lungs and for the 
first time sputum examinations were positive 
for acid fast bacilli. 

Streptomycin which had been previously 
withheld because of sensitivity was then ad- 
ministered in combination with PAS and isoni- 
azid. Steroids were continued because of adrenal 


insufficiency. No follow-up reports are avail- 
able. 


DISCUSSION 


Of the 16 patients who were given hydro- 
cortisone injections, 9 were being treated 
for rheumatoid arthritis, 5 for degenerative 
joint disease, 1 for bursitis and 1 for lupus 
erythematosus. Case xvii received only 
oral cortisone. There were 4 men and 13 
women in the group. The average age was 
fifty-six. The knee joint was involved in 14 
patients, the shoulder in 1, the ankle and 
foot in 1, and the hip in 1. The patient 
who had received oral cortisone alone de- 
veloped tuberculosis of the lungs and hip as 
previously noted. 

Where this information was available, it 
was found that the onset of untoward symp- 
toms usually took place within twenty-four 
to forty-eight hours. As a rule, hydro- 
cortisone did not mask the symptoms as 
often noted in patients receiving systemic 
steroids. In 2 patients (Case Iv and vit) 
who who received oral cortisone as well as 
intra-articular hydrocortisone, onset of 
symptoms did not take place until five and 
twelve days, respectively, after the last in- 
jection. This may have been due to the 
masking effect of the systemic therapy. 

Bacteriologically, hemolytic staphylococ- 
cus aureus was isolated in II patients, 
mycobacterium tuberculosis in I, myco- 
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Taste | 
Interval 
Part In- between 

Case No. Age Sex volved by for Injection Bacteriology Roentgen Findings Course 

Infection and Onset of 

Symptoms 
LAX. 69 F degenerative left knee hydrocortisone within 24 hem. staph. septic arthritis no sequelae 
joint disease years hours aureus 

iBxL. 61 F degenerative right knee hydrocortisone within 24 hem. staph. septic arthritis motion restricted 


joint disease years hours aureus 
Ill. M.Dra. 78 F degenerative right knee hydrocortisone—2injec- 2 days Cl. perfring- none made no sequelae 
joint disease tions ens 
IV. M.Dre. 53 F rheumatoid right knee hydrocortisone—years 5 days hem. staph. rheumatoid arthritis; instability due to 
arthritis also oral cortisone aureus no definite evidence — basic disease 
of septic arthritis 
¥.. TSG. 59 F _ bursitis* left shoul- hydrocortisone no growth negative no sequelae 
der months 
VI. A.H 61 | rheumatoid —rightankle ~hydrocortisone—years within 24 hem staph. septic arthritis ankylosis 
arthritis and foot hours aureus 
VIT. M.H. 56 | rheumatoid right knee —hydrocortisone—years 12 days hem. staph. septic arthritis died 
arthritis also oral cortisone aureus 
M. tubercu 
losis 
VIII. A.Ing. 63 M_ rheumatoid right knee hydrocortisone—1 injec- within 24 hem. staph. septic arthritis 
arthritis tion hours aureus 
IX. A.Ir. 63 M_ rheumatoid left knee hydrocortisone—years hem. staph. septic arthritis surgical fusion 
arthritis also oral cortisone aureus 
61 M rheumatoid right knee hydrocortisone—months 2 days hem. staph. not available but said snontaneous fu 
arthritis aureus to be septic arthritis sion 
XI. M.L. 68 F ? left knee hydrocortisone—1 month hem. and soft tissue swelling no sequelae 
non-hem. 
staph. albus 
XII. J.M. 23 F  lupuserythe- right knee hydrocortisone—weeks hem. staph. demineralization 
matosus aureus ? septic arthritis 
XIII. H.P. 18 F rheumatoid left knee hydrocortisone—months_ within few hem.staph. septic arthritis 
arthritis hours aureus 
5.5. 44 rheumatoid right knee hydrocortisone—months_ within 36 hem. staph. none made no sequelae 
arthritis also oral cortisone hours aureus 
XV.Y.S. 55 rheumatoid _ left knee hydrocortisone—years hem. staph. roentgenograms lost; surgical fusion 
arthritis also oral cortisone aureus reported to show sep 
tic arthritis 
XVI. M.Z. 56 F degenerative right knee hydrocortisone—months 2 days non-hem. degenerative changes; disability due to 


joint disease 


XVII. Vet. Adm. 38 M _ lupuserythe- right hip _ oral cortisone 
matosus 
* No bacterial or roentgen evidence but definite clinical infection. 
bacterium tuberculosis and hemolytic 


staphylococcus aureus in 1, hemolytic and 
non-hemolytic staphylococcus albus in 1, non- 
hemolytic staphylococcus albus in 1, clos- 
tridium perfringens in 1 and in I case, there 
was definite clinical evidence of infection 
but organisms could not be cultured. 

The roentgenograms of 13 patients were 
available for review. In 7 there was definite 
evidence of septic arthritis (Cases 1, 11, VI, 
VII, VIII, 1x, and x11). In 1 case there was 
demineralization and possible bone destruc- 
tion secondary to infection (Case x11). Soft 
tissue swelling was demonstrated in 1 in- 


24 years 


no evidence of septic basic process 


arthritis 


staph. albus 


destructive changes 


M. tubercu 
losis compatible with tu 
berculosis 
dividual who had superficial infection but 


no evidence of joint involvement (Case 
x1). In 2 patients there was evidence of the 
basic processes, rheumatoid arthritis and 
degenerative joint disease, respectively, but 
no evidence of septic arthritis (Cases 1v 
and xvi). In both of these cases there was 
clinical and bacteriologic proof of infection 
but the processes were brought under con- 
trol before roentgen changes developed. 
Two patients who had clinical and bacterio- 
logic evidence of infection were successfully 
treated and no roentgenograms were made 
(Cases 11 and xiv). The roentgenograms of 
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2 patients were not available for review but 
these had been reported as showing evi- 
dence of septic arthritis (Cases x and xv). 
The patient who had received systemic 
steroid therapy for two and one-half years 
had definite evidence of destruction in the 
right hip joint (Case xvirt). One patient 
who had infection in the region of the 
shoulder had definite infection of the soft 
tissues but neither clinical nor roentgen 
evidence of infection within the joint (Case 
Vv). 

Generally speaking, infectious arthritis 
of nontuberculous origin has not often been 
encountered since the introduction of anti- 
biotics. In the past, the organisms which 
most commonly caused pyogenic arthritis 
were staphy lococci, streptococci, gonococcl 
and brucella. T yphoid fever was also com- 


plicated by arthritis. The incidence of 


brucellosis and typhoid has been decreased 
by public health measures. Gonorrhea has 
been controlled by antibiotics and one 
rarely encounters arthritis of gonorrheal 
origin. The microorganisms reach the joints 


through the blood stream or by means of 
penetrating wounds. The degree and rate of 


destruction produced in the involved joint 
is dependent on the virulence of the organ- 
ism. If the microbe is of low virulence, the 
synovial membrane only may be affected 
while the articular cortex and cartilage are 
spared. If the infection is more severe, the 
articular cortex and cartilage may be de- 
stroyed. The exudate of pyogenic arthritis 
contains a proteolytic enzyme which causes 
dissolution of cartilage. Thus, because carti- 
lage is often destroyed in such cases, 
ankylosis is frequently the end result. This 
aids in the differentiation from tuberculosis 
because in the latter, cartilage is not com- 
pletely destroyed and fusion is uncommon. 
The weight bearing portions of the joint 


show the earliest and greatest degree of 


destruction whereas this part of the joint is 
preserved longest in tuberculosis. Destruc- 
tion of the articular cartilage and cortex 
may occur within a short period of time in 
pyogenic arthritis. In our series of cases, it 
was not possible to determine the interval 
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between injection of hydrocortisone and 
changes in the roentgenograms because 
these examinations were not made at any 
regular intervals. In septic arthritis, de- 
struction of articular cortex is not limited 
to the margins but the entire surface may 
become indistinct within a short time.® 

In 5 cases, there were no sequelae follow- 
ing control of the infection. Spontaneous fu- 
sion of the joint took place in 2 patients, 
and in 2 individuals surgical fusion was 
subsequently performed. One patient had 
restriction of motion secondary to septic 
arthritis, and in 2 there was continued 
marked disability due to the basic process. 
One patient died of tuberculosis. There was 
no follow-up in 4 patients. 

In those patients who had intra-articular 
injections alone, it is doubtful that hydro- 
cortisone had any effect on the spread of in- 
fection. The infections more likely resulted 
from breeches of technique. However, it 
seems very likely that cortisone played a 
role in the development of infections when 
it had been administered systemically over 
long periods. This was especially true of the 
2 patients who had tuberculosis. It should 
be emphasized that theincidenceof infection 
in the series of Hollander e¢ a/.° of about 
75,000 injections was very low—less than 
0.02 per cent. Careful adherence to aseptic 
technique is necessary. If infection devel- 
ops, treatment must be promptly inst1- 
tuted. There may be an element of doubt 
concerning the presence of infection in the 
early stages because about 2 per cent of in- 
dividuals who receive injections of cortisone 
have exacerbations of symptoms following 
treatment. 


SUMMARY 


A series of 17 patients who developed 


joint infections following steroid therapy 


has been presented. Sixteen of these pa- 
tients had received intra-articular injec- 
tions of hydrocortisone and of these, 5 had 
also received steroids systemically. Gas pa- 
tient had received oral steroids only. It is 
likely that in those cases receiving direct 
injections, the infections were caused by 
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breeches of technique. There seems to be 
little doubt that in those instances where 
systemic steroids were used, these com- 
pounds played a role in the initiation and 
spread of the infection by interfering with 
the normal defense mechanism of the host. 


Roderick L. Tondreau, M.D. 
Holy Redeemer Hospital 
Meadowbrook, Pennsylvania 
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ROENTGEN EVALUATION OF THE SOFT 
TISSUES IN ORTHOPEDICS* 


By EVERETT L. PIRKEY, M.D., and JAMES HURT, M.D. 


LOUISVILLE, 


HE interpretation of orthopedic roent- 
genograms is greatly limited in scope 

if one pays attention only to the bone 
changes. It is like studying a central figure 
in an excellent painting without taking into 
consideration either the background or the 
setting in which the figure is placed. One 
without the other should never be at- 
tempted; otherwise one fails to gain an ap- 
preciation of the whole picture. The back- 
ground frequently modifies a central figure 
and may change its meaning completely so 
that we must view the entire picture with- 
out forgetting any part of it. It is our feeling 
that the orthopedic surgeon, because of his 
interest in bones, frequently overlooks the 
soft tissues which have an immediate rela- 
tionship to the bone and from which con- 
siderable understanding of the bone 
changes may be obtained. Also, in minimal 
injuries and early disease, frequently the 
soft tissue changes are the only positive 
findings on the roentgenogram. The litera- 
ture available on soft tissue changes is 
sparse and for the most part appears in 
radiologic publications and, therefore, is 
not widely appreciated in surgical circles. 
There are three important conditions in 
which the roentgen appearance of the soft 
tissues is both striking and of clinical 
value. These are soft tissue edema, muscle 
atrophy and tumors. Due to the fact that 
normal muscle is mainly composed of 
water, its roentgen appearance is usually 
referred to as “‘water density.” Fat, be- 
cause of its composition, absorbs less radia- 
tion than water so that it appears darker 
and therefore is referred to on the film as 
“fat density.” With good modern equip- 
ment and techniques, it is possible to see 
these water and fat densities on every well 
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exposed roentgenogram. A study of the 
relative amounts and arrangements of each 
in an extremity will give one definite idea 
as to the presence or absence of an acute 
disease process days before bone changes 
appear. 

Table 1 lists the principal changes to be 
considered. 


(A) SOFT TISSUE EDEMA 

Edema of the soft tissues is present in all 
traumas of the extremities. Its location and 
extent is frequently an excellent indication 
of the type of soft tissue damage that has 
occurred. There is too great a tendency to 
minimize injuries when the roentgenogram 
fails to reveal evidence of bone injury. 
Chronic ligamentous or tendon defects of- 
ten can be prevented by early recognition 
and therapy. 

Figure 1 is an illustration of the typical 
roentgen findings in a sprained ankle. Note 
that the soft tissue edema is greatest just 
distal to the lateral malleolus over the col- 
lateral ligament of the ankle joint, which is 


TABLE I 


(A) Soft Tissue Edema 
(1) Traumatic sprains, blows, etc. 
(2) Infections 
(3) Circulatory changes 
(B) Soft Tissue Atrophy 
(1) Congenital, amyotonia congenita, arthro- 
gryposis multiplex congenita 
(2) Postparalytic atrophy, paraplegia and 
poliomyelitis 
(3) Disuse 
(C) Soft Tissue Neoplasm 
(1) Fat tumors 
(2) Muscle tumors 
(3) Neurogenic tumors 
(4) Vascular tumors 


* From the Department of Radiology and the Section on Orthopaedics of the Department of Surgery of the University of Louisville 
School of Medicine, the Kosair Crippled Children’s Hospital, the Children’s Hospital and the Louisville General Hospital. 
Illustrations by the Department of Audio-Visual Education of the University of Louisville School of Medicine. 
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Fic. 1. Marked edema along the lateral side of the 
ankle in a patient with a recently sprained ankle. 
Note that the principal soft tissue swelling is lo- 
cated over the lateral ligament of the ankle joint, 
which is the most traumatized structure. 


< 


the site of the principal injury. 

Soft tissue edema which usually follows 
pyogenic infections of the bone is the only 
roentgen change seen early in such diseases. 
The introduction of specific therapy for 
pyogenic bone infections means that if the 
disease can be recognized and appropriate 
treatment instituted early enough, the 
usual sequelae will be minimized. By the 
time that bone changes appear, the disease 
is fairly well along and deformities, par- 
ticularly near the joints, may remain 
permanent. It is much better prognosti- 
cally to recognize the condition before there 


lic. 2 (below). (4) Eight year old male presenting a 
five day history of fever, pain, swelling and tender- 
ness just below the right knee. Roentgenogram 
shows marked edema over the tibial tubercle with 
no evidence of bone changes. (B) Roentgenogram 
nine days later shows persistent soft tissue edema 
plus evidence of abscess formation in the cortex 
of the tibia. Wound and blood culture gave 
Staphylococcus aureus hemolyticus, coagulase 
positive. 
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Fic. 3. Lateral roentgenogram of the thigh in a child 
with amyotonia congenita. Note the absence of 
water density muscle deep to the fascia lata. The 
tensor fasciae latae is well seen at the proximal 
end of the fascia as a triangular area of water den- 
sity. 


is osseous destruction and institute immedi- 
ately the appropriate therapy. 

Figure 2, 4 and B isa typical illustration 
of the value of roentgen diagnosis in a pa- 
tient with pyogenic infection of the bone 
before the appearance of osseous changes. 
With the appropriate history, physical 
findings, and laboratory data plus the 
roentgen evidence of edema along the shaft 
of the bone, one can be reasonably certain 
of the diagnosis of pyogenic osteomyelitis 
before the appearance of the bone destruc- 
tion and begin treatment early. 

(B) SOFT TISSUE ATROPHY 

Atrophy of the soft tissues as a rule is 
readily apparent, both clinically and roent- 
genologically. The size and density of a 
muscle seen on the roentgenogram are a 
direct indication of functional ability, 7.e., 
the larger the size of the muscle and the 
less fat it contains, the stronger the muscle. 

Figure 3 is an example of amyotonia 
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Fic. 4. Marked muscular atrophy about the knee 
in a child with arthrogryposis multiplex con- 
genita. 


congenita in a child who was born without 
quadriceps muscles bilaterally. This can 
easily be seen on the roentgenogram. The 
fascia lata is a thin fibrous tissue of water 
density but on both sides of it is fat den- 
sity, with no evidence of water density deep 
to it, such as one normally expects when 
the muscle is present. In this case, the size 
of the thigh is not particularly affected, 
but since there is no water density muscle 
present where it should be, one may expect 
an absence of extension of the knee. 
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Fic. 5. (4 and B) Lateral roentgenograms of both knees in a ten year old male with severe poliomyelitis of 
the left lower extremity of six years’ duration. Note the extreme muscular atrophy about the left knee 


(B) as compared with the normal right knee (4). 


Fic. 6. A close-up of the gastrocnemius muscle in a 
patient with spina bifida showing the marked 
fatty infiltration of the muscle bundles. This pa- 
tient has some function of his extremities as can 
be ascertained by the fact that the roentgenogram 
shows some water density muscle fibers remaining. 


Figure 4 shows the characteristic roent- 
gen findings of the atrophied muscles of a 
child with arthrogryposis. Here the muscle 
bundles are present as thin water densities 
running through a considerable collection 
of fat in the extremity. This is typical of 
the muscle atrophy of patients with anky- 
losed joints in which the muscles are useless 
though their innervation may be normal. 
This same phenomenon appears in older 
persons who have an ankylosed joint for 
any reason. 

Figure 5,4 and B shows lateral views of 
both knees in a child with poliomyelitis 
affecting the muscles about the left knee. 
Here again is noted marked atrophy of the 
muscles but this time due to affliction of the 
nerve supply. These muscles are quite simi- 
lar to those seen about the ankylosed knee. 

Figure 6 is a close up of the gastrocne- 
mius muscle in a patient with spina bifida 
showing fatty infiltration of the muscle 
bundles. Note that the fat densities follow 
the distribution of the muscle fibers. 


(c) SOFT TISSUE NEOPLASMS 


Roentgen evaluation of the neoplasms of 
the soft tissues of the extremities can some- 
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Fic. 7. A five year old female with a history of a 
slowly enlarging tumor of the plantar aspect of the 
left foot. The mass was not tender. Note the 
marked fat density displacing the plantar fascia 
inferiorly outlining the exact anatomic location of 
the lipoma. 


Fic. 8. (4 and B) A ten year old male with multiple 
deformities including cafe-au-lait spots and sub- 
cutaneous tender nodules well distributed over the 
body. Note the large water density masses through- 
out the forearm, several of which are causing 
pressure erosion of the radius and ulna. The 
pathologic report was multiple neurofibromatosis. 


Roentgen Evaluation of Soft Tissues 2 


‘1G. g. Roentgenogram of an eighteen month old 
male with blue discoloration of the left forearm 
since birth. Physical examination showed indu- 
rated, thickened scaly skin. The pathologic report 
was hemangioma of the left forearm. 


times be quite specific in reaching a proper 
diagnosis as to the cell type of the tumor. 
The classic example of this is a fatty tumor 
or lipoma which obviously has the roentgen 
appearance of fat density as shown in Fig- 
ure 7. A lipoma such as this seen on a roent- 
genogram cannot be mistaken for anything 
else. This particular tumor, because it was 
deep to the plantar aponeurosis, was not 
diagnosable clinically. 

Almost all other tumors of the soft tis- 
sues appear as water density masses on 
roentgenograms. Figure 8, 4 and B dem- 
onstrates multiple neurofibromas in the 
forearm of a child and Figure g illustrates 
multiple dilated vascular channels through- 
out the upper extremity of a child with ex- 
tensive hemangiomata. These various solid 
tumors cannot be differentiated from each 
other on the basis of density, but their loca- 
tion and distribution can be determined 
more exactly by the roentgen method than 
by any other means short of surgery. 
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CONCLUSION 

A series of cases is presented which we 
feel point to some of the clinical advantages 
to be gained by the study of the soft tissues 
of the extremities as seen on the roentgeno- 
gram, in addition to the usual and often 
quite obvious bone changes. We are cer- 
tain that the orthopedic surgeon will gain 
additional understanding of the problems 
which face him before instituting definitive 
therapy if he will study the soft tissue 
changes and correlate them with his clini- 
cal findings. Few of these are specific for a 
particular disease entity with the excep- 
tion of lipoma, but, when added to the over- 
all findings of the ill patient, they permit a 
more exact diagnosis both as to etiology 
and extent of the process. 
Everett L. Pirkey, M.D. 
University of Louisville 

School of Medicine 
323 East Chestnut Street 
Louisville 2, Kentucky 
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ROENTGENOGRAPHIC TIME LAPSE 
STUDIES OF LIVING BONE* 
GENERAL CONSIDERATIONS 
By HOWARD J. BARNHARD, M.D.+ 


LITTLE ROCK, ARKANSAS 


KARLY everyone is acquainted with 

the beauty of the plant kingdom re- 
vealed by the time lapse method. Flowers 
are seen to open majestically while plants 
twist and turn their limbs in a dance to- 
wards the sun. The compression of time 
thus achieved permits the human eye to 
appreciate changes which occur too slowly 
to be seen otherwise. Similarly, the method 
has been used extensively for recording 
cellular changes as seen through the micro- 
scope. In neither plant nor microscope work 
is immobilization of the subject a problem. 
This factor may partially explain why the 
application of time lapse studies to the 
living animal has not yet been reported. 
Our efforts have been directed to the 
roentgenographic demonstration of the 
skeleton. A discussion of usefulness and the 
general approach to the method will be 
presented here. A second paper' will detail 
a specific method of application to the dog. 


USEFULNESS 


Perhaps the potential of this method 
may best be brought into focus by answer- 
ing the question, ‘““What are the advantages 
of time lapse studies over conventional in- 
terval roentgenograms?” These advantages 
are: (a) absence of confusing variations 
of position and density; (b) absence of 
gaps in period of observation; (c) a linear 
time relationship is “built into” the time 
lapse movie; and (d) the eye more readily 
appreciates changes which are in motion. 

Slight alteration in position between 
studies is considered so inevitable that 
radiologists characteristically, and quite 
justifiably, ignore minor changes, declaring 


them to be “due to a difference in projec- 
tion.”” Comparison is also made difficult by 
variations in exposure and processing which 
alter density and contrast. In the time 
lapse study accurate re-positioning and 
density control are inherent in the method. 

The early phases of a process may not 
be seen because of patient delay or because 
an early ‘“‘negative’”’ roentgenogram delays 
a second examination. Following diagnosis, 
repeat roentgenographic studies are made 
to aid in determining proper treatment. 
Because of expense, inconvenience and, 
more recently, increasing awareness of ra- 
diation hazard, the longest practical in- 
terval is ordinarily chosen. For example, 
how many can recall seeing progressive 
calcification of a callus (Fig. 1)? The clinical 
approach is not always conducive to gaining 
new facts about the changing roentgeno- 
graphic appearance of a process. The time 
lapse method requires that roentgenograms 
be made one or more times each day and 
these gaps do not exist. 

A good sense of timing with regard to the 
development of a process requires long ex- 
perience, and, indeed, may never develop. 
One has only to wonder whether that “‘sud- 
den spurt of growth” of a tumor is real or 
simply a part of its relentless progression.” 
Time lapse movies unfold the process with 
a linear time relationship. 

Another feature of the time lapse method 
is that the roentgenographic changes are 
seen in motion. Advantage can therefore 
be taken of the fact that the eye more read- 
ily appreciates moving objects. 

The applications of this method appear 
to be in teaching and research. The time 


* Presented at the Annual Meeting of the Association of University Radiologists in Baltimore, Maryland, May, 1958. 
Exhibited at the Fifty-ninth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 30—-October 3, 


1958. 


} Assistant Professor of Radiology, University of Arkansas Medical Center, Little Rock, Arkansas. 
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23 


Fic. 1. Fracture healing from the fourteenth through the twenty-third day as demonstrated in a dog’s ulna. 
The white area at the top of each picture is the radius. These roentgenograms were made twenty-four hours 
apart, but during this period films were actually exposed at eight hour intervals; thus two roentgenograms 
are ‘‘ missing” between each picture. (The order of the right column of roentgenograms is reversed to permit 
easy comparison of the fourteenth and twenty-third day.) 
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lapse method justifies itself if it proves use- 
ful only as a teaching medium. The student, 
whatever his level of experience, gains a 
concept of change and development which 
might not otherwise evolve even after re- 
peated interval observations. As a research 
tool time lapse studies should detect new 
diagnostic signs and help develop a better 
understanding of the pathophysiologic re- 
sponse of bone to injury and disease. The 
research application remains to be proved. 

A listing of potential studies is limited 


only by the imagination and interests of 


the investigator. The possibilities include: 


(a) normal growth and development of 


bone; (b) effect of epiphyseal “stapling” 
on growth; (c) response of growing and 
mature bone to irradiation; (d) develop- 
ment and response to treatment of rickets, 
scurvy, osteomyelitis and bone tumors; 
(e) fracture healing, including response to 
distraction and overlapping of fragments; 

bone grafts; and (g) joint reaction to 
foreign matter. 


GENERAL METHOD 


In conventional time lapse studies im- 
mobilization of the subject is not a prob- 
lem. Single frames of movie films are ex- 
posed at fixed time intervals and the major 
effort is directed towards making this pro- 
cess as automatic as possible. In plant 
studies, for example, the camera may move 
away and tilt up in coordination with 
growth. 

We might project a similarly “ideal” 
system for animal studies: The animal 
would be anesthesized and all his needs 
cared for, preferably automatically, to 
maintain a normal physiologic state over 
weeks or months. The part to be roentgeno- 
graphed would be held rigid. The roentgen 
exposure would be made periodically, con- 
trolled by electronic timers which also ad- 
vance the roll film. Once processed, the roll 
film would be reduced to a more convenient 
size for projection. 

This seemingly utopian arrangement 
awaits only our ability to provide a phys- 
iologically sound environment during pro- 
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longed anesthesia. At the current rate of 
medical advance, this should be possible in 
a relatively few years. But at present we 
must instead devise a way to place the part 
to be examined in exactly the same position 
each time it is roentgenographed. 

It is virtually impossible to re-position 
by manipulation alone. Various solutions 
come to mind. We have, for example, fitted 
a patient with a half shell plaster cast which 
extended from the head to the iliac crest. 
This was an attempt to roentgenograph a 
malignant rib lesion as it regressed from 
radiation therapy. We met with only 
limited success since the position of the rib 
varied with the phase of respiration and 
gross change was permitted by the plaster 
shell. Even a full cast allows shifting, par- 
ticularly after the muscles begin to atrophy. 
We have concluded that for general use 
some form of metal fixation rigidly im- 
planted in bone is the best answer. A lim- 
ited solution for immobilization of the 
head is by means of a “bit block” fitted to 
the patient’s teeth. 

In summary, the general method consists 
of making a series of roentgenograms with 
the extremity maintained in exactly the 
same position by means of metal fixation. 
These roentgenograms are subsequently 
aligned and photographed in sequence on 
movie film. This approach dictates criteria 
for the selection of the subject: (a) It must be 
possible to apply external fixation to the 
bony skeleton and have it remain in posi- 
tion throughout the period of study. (b) 
The subject must be capable of coopera- 
tion sufficient to permit holding by me- 
chanical devices. In animals this coopera- 
tion is preferably achieved by training, but 
anesthesia could be used if the intervals be- 
tween roentgenograms were long enough to 
allow an adequate recovery period. An- 
other deterrent to the use of anesthesia is 
the possibility that its repeated use might 
upset the physiologic response of the proc- 
ess under observation. (c) The subject 
must inherently possess or be capable of 
the induction of the process to be studied. 
For example, the rabbit will develop osteo- 
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genic sarcoma following the injection of 
beryllium.’ 

The ideal subject would, of course, be 
man himself since this would avoid the ex- 
trapolation of data that must otherwise 
occur. In limited experiments the use of 
man may be possible, but animals will serve 
as the major subject material. 

Naturally, there will be obstacles to cer- 
tain studies. In some processes it may be 
difficult to find a suitable experimental ani- 
mal. In other processes, such as scurvy, the 
bone pain during the acute phase may 
make it very difficult to obtain the animal’s 
cooperation. 


SELECTION OF TIME INTERVAL 


The conventional time lapse study is 
photographed directly on movie film. The 
interval between exposures may vary from 
a few seconds to an hour or more. In gen- 
eral, the faster the rate of change, the 
shorter the time between exposures. 

In animal time lapse studies the making 
of roentgenograms as frequently as movie 
frames are exposed in conventional studies 
is impractical because of personnel time 
and film expense. In addition, the inter- 
ruption of the animal’s sleep pattern and 
the cumulative radiation might exert un- 
desirable physiologic effects. 

In the search for a solution, the question 
arose as to whether it was necessary to 
flash upon the screen 16 or 24 interval 
changes per second (silent and sound movie 
projection rates, respectively). These pro- 
jection rates are necessary to provide flicker- 
free viewing and smooth sequence during 
rapid action in ordinary movie work. We 
can reduce the actual number of roentgeno- 
grams viewed each second but maintain 
normal projection rate by photographing 
each roentgenogram on _ several movie 
frames. 

In practice, we have exposed our roent- 
genograms at eight hour intervals (8 A.m., 
4 P.M., and 12 midnight), twelve hour in- 
tervals (7 A.M. and 7 P.M.) and twenty-four 
hour intervals, depending upon the rapidity 
of change. As a rough rule of thumb, if we 
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could see a change between sequential 
roentgenograms examined side by side, we 
needed to reduce the interval. In the early 
phase of fracture healing, there were 
changes even at eight hour intervals; un- 
fortunately our personnel limitations have 
not permitted us to shorten the time fur- 
ther. 

Time lapse sequences must be fairly 
short or the eye will lose its ability to per- 
ceive changes as “motion” on the screen. 
A minute to a minute and a half are rela- 
tively long sequences and represent 1,440 
and 2,160 movie frames, respectively, at a 
projection rate of 24 frames per second. By 
trial and error 18 frames per day have been 
found satisfactory in our studies of osteo- 
myelitis and fracture healing. This rate re- 
sults in two-thirds of a second of projec- 
tion time equalling one day of elapsed time. 
(Eighteen frames per day divided by 24 
frames per second equals two-thirds of a 
second per day.) 

The time ratio is kept linear by varying 
the number of movie frames on which each 
roentgenogram is photographed. Thus, if 
three roentgenograms were made on a par- 
ticular day, each is photographed on six 
frames of movie film. At the other extreme, 
if only one roentgenogram was made, it is 
exposed to 18 frames of movie film. 


SUMMARY 


The time lapse method has not previ- 
ously been applied to living bone. The po- 
tential studies are many and _ include 
growth, endocrine disturbance, and avita- 
minosis. Such studies are valuable as 
teaching aids and should prove to be of 
useful research value. 

The basic method consists of exposing 
roentgenograms at frequent intervals with 
the bone in the same position. These roent- 
genograms are subsequently photographed 
on movie film. 
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ROENTGENOGRAPHIC TIME LAPSE 
STUDIES OF LIVING BONE* 
A METHOD OF APPLICATION TO THE DOG 


By HOWARD J. BARNHARD, M.D.,7 F. DIXON CONLIN, M.D.,t JOHN W. LANE, M.D.§ 
and OMER E. BRADSHER, M.D.|| 


LITTLE ROCK, ARKANSAS 


GENERAL discussion of time lapse 

studies of living bone has been pre- 
sented in the preceding paper.' We will de- 
tail here a specific method of application 
to the dog. This method could be adapted 
to other animals, including man, but our 
experience has thus far been limited to the 
dog. The details to be presented do not in- 
clude discussion of any particular study. 
Each study, whether it be of fracture heal- 
ing, simple growth and development, or 
rickets, will require individualization. Such 
adaptations of the basic method and the 
results achieved will be presented in future 
papers. 

The following section summarizes the 
method and serves to tie together the more 
detailed consideration in the remainder of 
the paper. 


SUMMARY OF METHOD 


I. Select and train a dog of appropriate age, 
size, and disposition. 
II. Apply external fixation to the foreleg and 
adjust to the holding device. 
III. Take roentgenograms periodically. 

A. Prepunch the film pack, fit it on the 
posts of the holding plate and put it in 
position in the plate trough. 

B. Protect one half of the film pack with 
lead rubber and place a label of lead 
numerals over an unused area of the 
film. 

C. Place the animal on his side. Position 
the cross bar in its holding trough and 
firmly secure it by stepping on the foot 
pedal. 

D. Expose the film. 


IV. When all the roentgenograms have been 


made, photograph them in sequence on 

movie film. 

A. Adjust the camera and the roentgeno- 
gram (in position on the rotatable plas- 
tic end plate) until the area to be photo- 
graphed is seen in the through-the-lens 
view finder. Lock all adjustments. 

B. Position the photocell over the area be- 
ing photographed. 

C. Select the most dense roentgenogram 
and, with the photocell in position, ad- 
just the autotransformer to its maxi- 
mum voltage. Mark the reading on the 
microammeter. (The proper lens open- 
ing can be determined only by trial and 


error.) 

D. Photograph each roentgenogram in se- 
quence: 

1. Position the roentgenogram on the 
posts. 

2. Place the photocell in position. Ad- 
just the light intensity with the 
autotransformer so the microam- 
meter reads at the predetermined 
setting. 

3. Remove the photocell. 


4. Photograph the roentgenogram on 
the required number of 
frames.! 

V. Process and view the movie film. 


movie 


MATERIAL 
For Fixation: 

Set of Roger Anderson pins (Mandible kit, 
MO-goo, #261, V. Mueller and Co., Chi- 
cago, Illinois) (Fig. 1) with drill and hex 
screw driver. 

Cross bar to match Roger Anderson pins 


(Fig. 1).* 


* Custom built equipment. 


* Presented at the Annual Meeting of the Association of University Radiologists, Baltimore, Maryland, May, 1958. 
Exhibited at the Fifty-ninth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 30-October 3, 


1958. 
+ Assistant Professor of Radiology. 
t Assistant Professor of Surgery (Orthopaedic). 
§ Instructor in Radiology. 


| Research Assistant in Radiology, University of Arkansas Medical Center, Little Rock, Arkansas. 
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Surgical aids, drapes, green soap, shaving 
blades, etc. 

For Roentgenography: 

Roentgenographic diagnostic unit preferably 
with small (0.3 mm.) focal spot. 

Table rigidly coupled with diagnostic unit 
(Fig. 5). 

Unit to hold cross bar and retaining plate 
(Fig. 3 and 4).* 

Retaining plate with guide posts for film pack 
(Fig. 3).* 

Film packs, non screen 8 X10 inch (Ansco or 
Gevaert). 

Lead rubber to shield one half of film pack 
(Fig. 4). 

Lead numerals for identifying roentgeno- 
grams. 

Two hole paper punch. (Makes holes approxi- 
mately 7 cm. apart.) 

Black masking tape. 

For Photography: 

Motion picture camera with through-the- 
lens view finder and single frame operation. 

Solenoid connected to single frame release of 
camera. This solenoid is triggered by a 
telephone type dial (Fig. 8).* 

Movie film, reversal, fine grain. 

Special stand permitting variable yet rigid 
placement of camera and roentgenograms 
(Fig. 6—8).* 

Roentgenographic view box preferably with 
circular fluorescent bulb for even illumina- 
tion. 

Autotransformer. (Variac, Type Ws5MT, 
General Radio Co., Cambridge, Mass- 
achusetts) (Fig. 8). 

Flat photocell (Type No. B-10-M, Interna- 
tional Rectifier Corp., El Segundo, Cali- 
fornia) attached to microammeter (Fig. 7). 

Cleared roentgenographic film on which to 
mount photocell. 

Motion picture projector. 


SELECTING AND HANDLING THE DOG 


The dog should be young but fully grown, 
unless the experiment involves bone matu- 
ration or a process such as rickets which 
must be observed in growing bone. The ani- 
mal should be long legged so that the ulna 
and radius are of suitable size but not too 
large, else handling becomes difficult. Fif- 
teen kilograms is a good weight. Because 
of the cooperation required, the dog must 


* Custom built equipment. 
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be quite tractable. He should be docile 
rather than extremely friendly since the 
latter disposition tends to result in in- 
creased activity at just the wrong time. 
We have considered the use of tranquilizers 
but it has not yet been necessary. In gen- 
eral we use as few drugs as possible to avoid 
even the remote chance of their affecting 
the process under observation. 

The training of the animal proceeds best 
with established methods such as food re- 
ward. A few words of caution are indicated: 
(a) The animal should not be permitted to 
become a ‘one man dog”’ since several 
people must handle him during these 
“round the clock”’ studies; (b) the animal 
care people must be carefully chosen. The 
usual animal keeper has worked with a 
relatively unselected group of dogs. He has 
learned to handle them with a semi-mass 
production method in which speed and a 
minimum risk of being attacked are his 
goals. Although his approach is not cruel, 
neither is it conducive to the development 
of the behavior pattern required of animals 
in time lapse studies. 

Additional precautions are necessary in 
housing and handling the dog so that the 
external fixation device will not be dis- 
rupted: (a) The sides of the cage should be 
of solid sheet metal approximately halfway 
up so that the external fixation will not 
catch on an uneven surface; (b) when the 
dog is let in or out of his cage or through a 
doorway, the handler should stand on the 
side having the fixation device. The animal 
will tend to move toward the opposite side 
of the opening and be less likely to strike 
the fixation device. Failure to observe this 
precaution has accounted for most of our 
derangements; (c) the dog should be re- 
strained from jumping off the roentgeno- 
graphic table. 


EXTERNAL FIXATION AND HOLDER 


Roger Anderson pins form the basis of an 
established approach to fracture stabiliza- 
tion. In this method the pins are screwed 
into the bone on each side of a fracture and 
then affixed externally through a series of 
adjustable holders to a bridging cross rod. 
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Roger 


cross bar 


Anderson Pins 


Fic. 1. Basic parts of external fixation apparatus. 


We have adapted this system by substitut- 
ing a “cross bar” for the cross rod (Fig. 1 
and 2). This modification is the crux of our 
method since it is the placement of this bar 
in a rigid holding trough that produces ex- 
act re-positioning (Fig. 3 and 4). The right 
angle surfaces which meet in the trough 
prevent motion in two planes while an in- 


Fic. 2. External fixation applied to dog’s right 
foreleg. The dog’s head is to the upper left. 


dex pin (on the bar) aligns the bar and 
trough longitudinally. The bar is square in 
cross section and measures 0.75 cm. on a 
side. It is tapered at the ends to mate with 
the adjustable holders of the Roger Ander- 
son pins and to help reduce its weight. The 
length of the bar is determined by the size 


FILM PACK 


DOG'S FORELEG 
EXTERNAL FIXATION BAR 


(DIAGRAMATIC) 
PREPUNCHED HOLE 


RETAINING PLATE WITH GUIDE 
POSTS FOR FILM PACK 
HOLDING TROUGH FOR 
HOLDING TROUGH FOR BAR YX 
BAR RETAINER (HYDRAULIC) XY 


Fic. 3. “Explosion view” showing the mechanical 
means whereby the film and bone are brought to- 
gether. 
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of the bone to be bridged. Eleven centi- 
meters is an average length. A stock of 
several bars made up at I cm. intervals on 
either side of 11 cm. would probably cover 
most situations. 

A limiting factor to length of the bar is 
the width of the holding trough. Naturally 
the greatest width, and consequently the 
longest length of bar retained, produces the 
highest mechanical accuracy. In compro- 
mising between these two factors, minimal 
possible bar and greatest accuracy, we 
settled on 5 cm. as the width of the holding 
trough. 

A dimension which should be kept to a 
minimum is the forward retaining wall of 
the holding trough. Too great a thickness 
here impinges on the limited space available 
between the bar and the animal’s leg. On 
our unit this is 0.75 cm. in thickness (Fig. 
4). 
The holding trough was first designed 
with a manually operated thumb screw 
which was swung into position over the bar 
and tightened. We found this difficult to 
use since the best trained animal may be- 
come uncooperative at times and rapid 
release is necessary. We therefore converted 


Fic. 4. Foreleg and film pack positioned in holder. 
The retaining plate (and its guide posts for the 
film pack) is obscured beneath the cross bar and 
its holding trough. To the left, note the lead rub- 
ber which shields one half of the film pack. The 
white adhesive tape attached to the rubber holds 
lead numerals which extend over the part of the 
film to be exposed. 
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Fic. §. Operator and dog in position at roentgeno- 
graphic unit. Note (a) that the portable machine 
and table are maintained in exact relationship with 
each other at the floor level, and (b) the operator’s 
foot on the hydraulic pedal. 


to a hydraulic control which is applied and 
released quickly with a foot pedal (Fig. 
3-5). 

EXTERNAL FIXATION APPLIED 


Anesthetize the dog. Clip and shave the 
hair of the foreleg over the ulna and radius. 
Tincture of green soap and merthiolate are 
used to cleanse the area. Drill three pins 
into each end of the bone to provide the 
structural rigidity of a tripod (Fig. 2). The 
pins puncture the skin without incisions 
being made. Proximally the ulna is entered. 
Distally the ulna is small and the radius 
must be used. The stability does not ap- 
pear to be significantly affected by this 
interchange of bones, nor does it matter if 
both bones are used at either end. Since the 
dog lies on his side while restrained in the 
holding trough, we insert the pins in a 
cranial-caudad direction. This placement 
is a blind procedure which tends to result 
in a fair amount of bleeding at the proximal 
end due to the large muscle group pene- 
trated. We have not, however, had any 
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permanent difficulties although there is a 
moderate amount of soft tissue swelling 
involving the entire foreleg during the first 
few days. 

There are several reasons for not having 
the dog prone: (a) His head would have to 
be held out of the roentgen-ray beam; (b) 
he could exert leverage on his leg quickly; 
(c) the legs and therefore the fixation de- 
vice would bear weight; and (d) the animal 
would have a more difficult time relaxing 
than on his side. With the dog on his side, 
manipulation of the lower-most foreleg is 
cumbersome. The upper leg is therefore 
used. 

Once the pins are in place they are at- 
tached to the cross bar. The final adjust- 
ment is carried out with the external fixa- 
tion unit in the holding trough to be certain 
that the position is optimal. 
the anesthetized animal can be placed in a 
position that would be difficult to assume 
when awake. The holding trough should 
accordingly be almost as high as the level 
of the limb, roughly the width of the dog’s 
thorax. The base on which the film rests 
must also be elevated since the film should 
be as close to the limb as possible. The limb 
will be too tender to work with the first few 
days and so allowance for edema need not 
be made. 


FILM PACK 

The film pack consists of paper wrapped 
non-screen film backed with a cardboard 
stiffener. The 8 X 10 inch size is convenient 
and serves for two exposures, each measur- 
ing 5X8 inches. 

It is essential to have an accurate means 
of aligning the roentgenograms as they are 
photographed on the movie film. Otherwise, 
the images will not “superimpose”’ on the 
screen when the movie is projected. In our 
earlier attempts we hoped that it would be 
possible to make use of fixed points on the 
roentgenograms such as the ends of the 
Roger Anderson pins. We intended to make 
“pin holes” at these locations and place 
these holes over alignment pins during the 
photographing process. This idea proved 
impractical. 
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We now pre-punch each film pack with a 
two hole punch prior to the roentgeno- 
graphic exposure. Since the film is a little 
loose in its paper wrapping, we tap the 
film pack on edge to bring the film down to 
the end we are using. We punch through 
the reverse side of the film pack as this 
places the inner cardboard stiffener upper- 
most and brings the film closer to the cut- 
ting holes in the base. 

The film pack is next placed on a retain- 
ing plate, the two guide posts of which are 
suitably spaced and sized to enter the holes. 
This plate is in turn placed (with the film 
on it) in a holding trough which maintains 
an exact relationship with the holding de- 
vice for the cross bar (Fig. 3). Since the 
roentgen tube is fixed in position, the roent- 
genographic image of the bone maintains the 
same relationship with the holes from film 
to film. 

In moderate room lighting, sufficient for 
all normal working activities, the following 
precautions have proved sufficient to pre- 
vent more than a few millimeters of light 
fog around the holes: (a) The posts of the 
holding plate are slipped in quickly after 
the film pack is punched; (b) the paper 
wrapping is manually pressed against the 
film while the posts are not in position; and 
c) the holes are covered with masking tape 
after the posts are removed. 

Both temperature and humidity affect 
film size. As film size varies so will distances 
between points on the film and thus accu- 
racy will suffer. We have attempted to keep 
these effects constant by allowing the film 
time to come into equilibrium with the work 
area. This precaution was exercised not 
only with the film still in its pack but after- 
wards when the roentgenograms were to be 
photographed. Admittedly this approach is 
somewhat crude, but until the mechanical 
accuracy of the over-all method becomes 
considerably more precise, the expense of 
additional precautions is not justified. 


PHOTOGRAPHIC APPARATUS 


The requirements of the photographic 
system are that it be flexible to permit 
varied camera and roentgenographic film 
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Fic. 6. Vertical easel on which roentgenograms are 
placed to be photographed by motion picture 
camera. 

positions, but able to maintain absolute 

alignment once set. 

The apparatus, in general, may be best 
appreciated by noting Figures 6 to 8. It in- 
cludes a wood base approximately 6 feet 
long on which the camera may be adjusted 
to variable distances. At one end there is a 
vertical easel on which the roentgenogram 
is placed. Behind the easel is a standard 
fluorescent view box. 

The easel consists of a piece of braced 
? inch plywood in which a round hole has 
been cut. A matching piece of } inch ply- 
wood forms a “sandwich” which encloses 
a circular piece of clear plastic. The diame- 
ter of the plastic is slightly larger than that 
of the wood and the plastic is encircled by 
a masonite cut-out of the same thickness. 
The circular form permits the plastic to be 
turned so that the portion of bone being 
photographed is horizontal. Brass posts 
which match the holes in the roentgeno- 
graphic films are set towards the outer edge 
of the plastic. Three suction holes through 
the plastic keep the roentgenogr raphic film 
flat. The suction is optional since the posts 
fit the film holes snugly and it is not incon- 
venient to keep one hand against the bot- 
tom of the film. 
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Fic. 7. Roentgenogram in position on easel. Note 
that the photocell is taped to a sheet of clear 
plastic which also fits over the guide posts. The 
microammeter pictured on the right is also used 
for other purposes and need not have the elabo- 
rate sensitivity controls shown at the bottom. 


Variations in density of roentgenograms 
occur despite regulators on the roentgeno- 
graphic unit and controlled processing. 


Fic. 8. Side view of photographic apparatus. To the 
left is the telephone type dial which actuates the 
single frame control through a solenoid, which is 
mounted beneath the front end of the camera. The 
camera is mounted on an angle iron which runs 
longitudinally. Once the camera is adjusted to 
proper position, it is further stabilized by means of 
turnbuckles and chains which anchor the angle 
iron to the four corners of the metal stand. The 
autotransformer pictured in front of the easel 
varies the light intensity of the illuminator shown 
behind the easel. 
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These variations are compensated for by 
having an autotransformer which alters 
the voltage going to the fluorescent tubes 
and thereby changes the light intensity. 
The autotransformer we use has a 125 volts 
maximum and does not cause flicker until 
lowered to 65~7o volts. This voltage range 
varies the light intensity by a ratio of ap- 
proximately 2 to I. 

In order to determine the amount of 
light coming through the roentgenographic 
films, we use a flat type photocell connected 
to a. microammeter. With a roentgeno- 
graphic film in position over the posts a 
sheet of similarly punched, cleared film is 
also placed over the posts. The photocell is 
adjusted over the area to be photographed 
and taped to the cleared film. Thus the 
photocell will ‘“‘see” the same portion of 
each roentgenographic film it is placed over, 
since both are aligned by the holding posts. 
Next, we find the darkest film in the series, 
set the autotransformer at its maximum 
position (125 volts) and note the reading on 
the microammeter. By adjusting the light 
through the other roentgenographic films 
to this same reading, maximum density 
control is assured. If there has been a great 
variation in density, the bone will photo- 
graph reasonably well but the soft tissue 
will differ considerably. And so, while light 
intensity adjustment will remedy a certain 
degree of variation, it is not a substitute 
for careful exposure and processing control. 

The movie camera must have a through- 
the-lens view finder and be capable of single 
frame operation. Initially, we operated 
this single frame release through a hand 
operated cable, so mounted that vibration 
was not transmitted from hand to camera. 
While satisfactory, this operation was tedi- 
ous and time consuming. More recently we 
have actuated the release through a sole- 
noid, which is shock mounted to the frame 
of the stand which holds the camera. A 
telephone type dial operates this solenoid 
and permits any number of exposures from 
I to 10 per dialing. We anticipated the pos- 
sibility of excessive vibration but such has 
not been the case. 
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Our camera is mounted on a metal stand 
which is somewhat more elaborate than 
necessary. This stand was used only be- 
cause it was “left-over” from a previous 
project. The important factor is that the 
camera be permitted a wide range of posi- 
tions so that the precise part of the roent- 
genograms to be photographed can be 
brought into view, but that once a position 
is reached, the camera may be held rigidly. 
A variety of lenses and adaptors should be 
available. If a telephoto lens is used it must 
be braced with particular care. 


RECENT AND PROPOSED IMPROVEMENTS* 


In so completely new a process there have 
naturally been many changes between ini- 
tial concepts and present development. 
The following paragraphs will contain re- 
cent and proposed modifications which are 
in various stages of being tested. 

When smooth metal surfaces are in ap- 
position, it is difficult to prevent slippage 
no matter how great the pressure applied. 
Until recently we had not been able to pre- 
vent minor changes at the joints of the ex- 
ternal fixation device when they were 
inadvertently struck a moderate to hard 
blow. There are now liquid sealants on the 
market which ‘“‘wick” into a metal joint 
and harden. We have been trying one called 
“Loctite” t which appears promising. If a 
liquid sealant does not provide a complete 
solution, we will next roughen the joint sur- 
faces to increase friction. 

As we have worked with younger, and 
therefore smaller, dogs, it has seemed de- 
sirable to reduce the weight of the external 
fixation unit. When either the ulna or radius 
is not fractured, we have eliminated one 
of the three distal pins. In very young ani- 
mals we will attempt a reduction to two 
pins proximally and one distally. Each 
extra pin with its supporting structures 
adds 16 gm. We have reduced the weight 
of the smallest cross bar from 21 gm. to 
12.5 gm. by “turning down” additional 


* This section has been brought up to date as of December 5S, 
1958. 
+ American Sealants Company, Hartford, Connecticut. 
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parts of the bar on a lathe; the bar remain- 
ing resembles a rod on which three machine 
nuts have been placed, the center “nut” 
holding the index pin. We plan to investi- 
gate the metal titanium which is lighter 
than the monel alloy we have been using, 
yet is said to be easily machined and corro- 
sion resistant. 

The depicted retaining plate and its 
trough permit the placement of the guide 
posts under the holding trough for the bar. 
This position keeps them from interfering 
with the external fixation unit and gives a 
safety margin of distance as far as the light 
flare around the posts is concerned. Unfor- 
tunately, it has two disadvantages. First, 
it introduces another area where imperfec- 
tion of mechanical fit may exist, and, 
secondly, it results in the holes being more 
remote from the bone image than need be. 
This latter point is of importance, for the 
further the holes from the image, the 
greater the variation in distances caused by 
the effect of temperature and humidity on 
the film. As mentioned before this factor 
will assume increasing importance as the 
mechanics of this method become more and 
more accurate. We have therefore placed 
the guide posts directly in the base on 
which the film pack rests. This change was 
accomplished by undercutting the holding 
trough for the bar as much as possible. The 
film pack is introduced at a 45° angle and 
then settled on the posts. The posts should 
be as close to the limb as possible. Care 
must be taken to control the light flare 
about the post holes and to prevent inter- 
ference of the posts with the placement of 
the external fixation device. 

The holding trough for the cross bar is 
“U”’ shaped to accommodate the square bar. 
This cannot be a “perfect” fit else easy 
introduction and removal of the bar would 
be hampered. Again we have a place where 
a fractional loss of accuracy occurs. We 
have attempted to overcome this inaccu- 
racy by making the holding trough “V” 
rather than ‘“‘U” shaped.* An industrial 


* We are indebted to Dr. C. K. Himmelsbach of the United 
States Public Health Service for this suggestion. 
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“V-block”’, 13 inches long, has been modi- 
fied for this purpose. The hydraulically 
actuated retainer has been redesigned so 
that it, too, meets the cross bar with a “V”’ 
shaped unit. In addition, the leverage has 
been increased so that greater pressure can 
now be applied—a necessity with the verti- 
cal walls of the old trough now replaced by 
the inclined planes of the “V” trough. 

The around-the-clock work schedule is 
practicable only if several dogs are worked 
on at a time. It would be uneconomical to 
have individual roentgenographic and hold- 
ing units for each animal. The major vari- 
able is width of thorax. We have therefore 
provided a means of changing the level of 
the dog’s body with respect to the holding 
device. The holding unit has been perma- 
nently elevated 6 inches above the level of 
the table in an “I” beam type of arrange- 
ment. A platform, on which the dog lies, 
can be raised or lowered by varying the 
number of blocks at each end. These blocks 
are keyed to the platform and the table 
with matching pegs. The stability and flexi- 
bility of this arrangement has been quite 
satisfactory. 


SUMMARY 


A method of making roentgenographic 
time lapse studies of living bone in the dog 
is given. A detailed discussion and some 
recent and proposed improvements in the 
method are also presented. 


Howard J. Barnhard, M.D. — 
Department of Radiology 

University of Arkansas Medical Center 
Little Rock, Arkansas 
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UNILATERAL EXOPHTHALMOS* 
ROENTGENOGRAPHIC ASPECTS 


By LEON J. BULLOCK, M.D., 


DURHAM, 


F ALL the presenting lesions in oph- 
thalmology, unilateral exophthalmos 
is the one where roentgenology has perhaps 
its most important application since it 
frequently is the only means of disclosing 


in a high percentage of cases the cause of 


the displacement of an eye. 

Pfeiffer published the most extensive 
review of this subject in 1943, reporting a 
total of 200 cases, but we have found no 
article in which all lesions capable of pro- 
ducing unilateral exophthalmos are listed 
in the American radiologic literature. At 
the Duke University Medical Center, a 
review of such lesions revealed 138 cases 
since 1947. This represents an addition to 
the 107 cases observed before 1947 by 
Reeves, B Baylin and Moran,° making a total 
of 245 cases (Table 1). 

Since unilateral exophthalmos or asym- 
metry of the eyes may occur in 25 per cent 
of cases of hyperthyroidism,! some difh- 
culty may be encountered in deciding which 
cases require roentgen examination. How- 
ever, such asymmetry rarely exceeds 7 mm.! 
Another condition causing exophthalmos 


is craniostenosis, due to the shallowness of 


the orbits. However, this condition will not 
be considered here because the exophthal- 
mos is usually bilateral and is generally not 
the subject of diagnostic study. 

The anatomy of the orbit has been re- 


ported in the previous review of cases of 


unilateral exophthalmos from this institu- 
tion as well as in Pfeiffer’s paper and will 
not be discussed. 

In the differential diagnosis, clinical in- 
formation is of tremendous importance. 
The rate of progress and the patient’s age 
are sometimes helpful. Generally, the ma- 
lignant neoplasms appear in the early and 
late years of life, while inflammatory condi- 


* From the Department of Radiology, 


and ROBERT J. REEVES, M.D. 


NORTH CAROLINA 


tions and mucoceles are most frequent in 
middle life. A bilateral exophthalmos favors 
an inflammatory etiology over neoplasm. 

Table 1 shows all of the various condi- 
tions found both in the present series of 138 
cases after 1947 and those of the previous 
series of 107 cases prior to 1947; presenting 
with a unilateral or asymmetric exophthal- 
mos. In Table 1 are listed all of the cases 
since 1947, indicating for each etiology 
whether the roentgen examination was 
positive, diagnosable with reasonable cer- 
tainty or suggestive. 

In the 138 cases since 1947, there were 
41 cases or 30 per cent in which the diag- 
nosis was evident from the roentgenograms 
alone. In 33 per cent of cases it was possible 
te make the diagnosis with the help of 
laboratory and clinical data. 

Fronto-ethmoidal mucocele was the most 
common cause of unilateral exophthalmos. 
The roentgenographic changes are among 
the most nearly characteristic of any of the 
lesions causing unilateral exophthalmos. 
Fully developed, these consist of decreases 
in the normal septation of the sinus, loss of 
the density and pattern of the lining mem- 
brane, and rounding out of the sinus or ap- 
parent expansion. Usually the mucocele 
occurs in an area of sclerotic bone due to 
chronic infection; although, the mucocele 
itself actually causes decalcification where 
it is in contact with bone. A soft tissue 
mass may be seen, but if there is bone ero- 
sion the increased density of the mass may 
be balanced by the loss of density due to the 
erosion of bone. A frequent finding in cases 
causing exophthalmos is flattening, push- 
ing down, or an actual defect in the orbital 
margin. The lamina papyracea may be 
visible bulging into the orbit. The follow- 
ing case demonstrates these findings. 
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TABLE | 


TOTAL NUMBER OF CASES OF UNILATERAL 
EXOPHTHALMOS OBSERVED 


Be- 1948 
fore to 
1947 1957 
Mucocele Il 16 27 
Orbital or retrobulbar cellulitis or 
abscess 9 16 25 
Meningioma 9 I! 20 
Lymphoepithelioma 4 6 8 
Lymphosarcoma and other sarcomas 
Squamous cell carcinoma of sinuses 2 8 10 
Hemangioma 3 5 8 
Cavernous sinus thrombosis 4 3 7 
Metastatic carcinoma 4 4 8 
Astrocytoma and other gliomas of 
optic nerve and chiasm 
Sympathicoblastoma 
Retinoblastoma 
Orbital hemorrhage 
Hyperthyroidism 
Pseudotumor (negative exploration) 
Tumor of lacrimal gland 
Hand-Schiiller-Christian disease 
Basal cell carcinoma 
Neurofibroma 
Lymphangioma 
Chloroma 
Arteriovenous aneurysm 
Aneurysm of internal carotid 
Cholesteatoma 
Osteoma or ossifying fibroma 
Melanoma 
Congenital cyst of orbit 
Syphilis 
Hemangioendothelioma 
Sarcoid 
Scirrhous carcinoma of orbit 
Adamantinoma 
Giant cell tumor 
Glaucoma 
Uveitis 
Neuroblastoma 
Fibroma 
Chondroma 
Neurilemmoma 
Postoperative muscle 
Teratoma of orbit 
Stimulation from cervical rib 
Undifferentiated tumors 
Undiagnosed 13 24 


~ 


& 


o00000000 
Onna 


Total 107 138 245 


Case 1. L.S., D57545 (Fig. 1). This sixty-two 
year old Negro female entered Duke Hospital 
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complaining of progressive, painless swelling 
over the right eye with exophthalmos of nine 
months’ duration. Examination revealed a non- 
tender, nonpulsating mass above the right eye, 
7-8 cm. in size, which caused downward and 
lateral displacement and partial closure as well 
as exophthalmos of the right eye. The mass did 
not transilluminate. A roentgenogram of the 
skull (Fig. 1) showed a massive lesion appearing 
to arise in the right frontal sinus and eroding the 
superior wall of the frontal sinus and superior 
wall of the orbit. The margins of the erosion were 
smooth, septation disappeared and the sinus 
membrane was partially interrupted. The right 
ethmoid sinus was also hazy. Optic foramina 
were intact. At surgery a large mucocele con- 
taining a yellow, oily material and eroding the 
entire frontal sinus wall as well as the orbital 
rim was found. 


Second only in frequency to mucocele as 
a cause of unilateral exophthalmos was 
periorbital cellulitis and retrobulbar ab- 
scess. In this situation the roentgen findings 
are usually limited to evidence of soft tissue 
swelling. Clouding, mucosal thickening, or 
other signs of paranasal sinusitis are often 
seen since both abscess and cellulitis are 
frequently complications of sinusitis. 

Retrobulbar cellulitis secondary to 
fronto-ethmoid sinusitis occasionally shows 
destruction or decalcification of the medial 
orbital wall along with clouding and opaci- 
fication of the sinus. However, the findings 
are not indicative and must be interpreted 
in the light of the clinical findings. 

Among the malignant neoplasms causing 
exophthalmos, the most common are those 
which originate in the paranasal sinuses 
and consist microscopically of lymphoepi- 
thelioma, squamous cell and anaplastic 
carcinoma, and neuroblastoma. Six out of 
14 cases showed extensive and irregular 
destruction of the bony walls, as well as 
changes within the sinus cavity itself, 
ranging from mucosal thickening to dense 
opacification. The irregular, extensive de- 
struction and their frequent occurrence in 
the maxillary sinus usually make it possi- 
ble to distinguish the malignant neoplasms 
from the mucoceles; and also from retro- 
bulbar abscess secondary to sinusitis, where 
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Taste I] 
FREQUENCY OF POSITIVE, INDICATIVE AND SUGGESTIVE FINDINGS IN 138 
CASES OF UNILATERAL EXOPHTHALMOS SINCE 1947 
No. of Positive Diagnostic, — 
Cases Findings Nearly So _ 

Mucocele 16 16 12 4 
Cellulitis or abscess 16 14 2 10 
Malignancy of paranasal sinuses 14 14 6 8 
Meningioma II iI 10 I 
Hemangioma 5 3 
Sarcomas of various types 5 3 I 2 
Pseudotumor of orbit 5 2 ° I 
Glioma of optic nerve or chiasm 5 4 4 fo) 
Metastatic carcinoma 4 4 O° 4 
Neuroblastoma and sympathicoblastoma 4 2 ° 2 
Retinoblastoma 3 3 2 I 
Hyperthyroidism 3 I 
Cavernous sinus thrombosis 3 4 ° I 
Orbital hemorrhage 2 I Oo I 
Neurofibroma-neurilemmoma 2 I fe) I 
Cholesteatoma I I I fo) 
Xanthomatosis I I 
Lacrimal gland tumor I I Oo I 
Basal cell carcinoma I I ° I 
Arteriovenous aneurysm I I Oo I 
Aneurysm of internal carotid I I Oo I 
Chondroma of sinus I I fe) I 
Ossifying fibroma I I I fe) 
Melanoma I I 
Cyst of orbit I I 
Glaucoma I I 
Fibroma I I 
Postoperative muscle I I 
Teratoma of orbit I I ° ° 
Stimulation from cervical rib I I I Oo 

Total 138 95 4I 45 


Note: Positive refers to cases with only nonspecific findings. 


Diagnostic indicates that the diagnosis could be made with reasonable certainty on the basis of the roentgenograms alone. 
Suggestive indicates that a reasonably certain diagnosis could be made with the aid of other clinical data. 


bone destruction, if present at all, is more 
in the nature of a decalcification than true 
destruction. The following case is fairly 
typical. 


Case 11. A.S., E38055 (Fig. 2). This fifteen 
year old white male presented with the com- 
plaint of watering of the left eye and stuffiness 
of the nose with left exophthalmos for three 
weeks. There was profuse nasal discharge. 
Roentgenograms showed homogeneous opaci- 
fication of the left antrum with destruction of 
the walls of the antrum, especially the superior 


wall. Biopsy of tissue from the middle meatus 
was reported by one pathologist as anaplastic 
carcinoma and by another as neuroblastoma. 


Meningiomas of the sphenoid ridge or 
wing, especially the inner third ridge, 
caused unilateral exophthalmos in 14 out 
of a total of 20 cases. Not a single case of 
unilateral exophthalmos occurred among 
meningiomas of the olfactory groove or 
tuberculum sellae. The sphenoid lesions 
caused thickening or hyperostosis of the 
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sphenoid wing or ridge, areas of calcifica- 
tion, sometimes destruction about the 
sphenoid wings, occasional enlargement of 
the superior orbital fissure or optic fora- 
men, and in 2 cases expansion of the orbit. 
The combination of a gradually developing 
exophthalmos and hyperostosis about the 
sphenoid wing was found to be diagnostic 
of meningioma, The following case illus- 
trates a very large menifigioma with mostly 
destructive but some hypétgstotic change 
and no definite calcification: 

Case 1. L.H., C18387 (Fig. 3). This fifty-one 
year old Negro female entered Duke Hospital 
complaining of left exophthalmos of seven 
years’ duration accompanied by progressive 
mental deterioration and gradual loss of vision 
progressing to blindness. The patient sought 
medical aid because of bleeding about the lid 
margins. Examination revealed the left exoph- 
thalmos and a soft, nodular, bony mass behind 
the globe. Roentgenograms showed the left 
bony orbit to be markedly enlarged with a 
sphenoid fissure which was hazy and indistinct. 
The optic foramen could not be identified, its 
borders having been destroyed. A ring-like cal- 
cification, apparently representing a persistent 
remnant of the posterior clinoid, was superim- 


Fic. 1. Fronto-ethmoid mucocele. Roentgenogram 
showing erosion of wall of frontal sinus and orbit 
by smooth walled expansion of sinus which has 
destroyed the septa. 
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Fic. 2. Malignancy of left maxillary sinus causing 
clouding and destruction of the wall of the antrum. 


posed on the destroyed area. The petrous 
pyramid and the dorsum sellae were destroyed 
on the involved side and the sella turcica was 
expanded. Craniotomy showed a huge tumor 
extending from the orbit along the floor of the 
middle fossa and into the posterior fossa. 


Although usually described as the most 
frequent orbital tumor, hemangioma as a 
cause of exophthalmos and of such severity 
as to necessitate roentgenographic exami- 
nation was much less frequent than the 
above entities. Roentgenographically, the 
examination may be negative although 2 
large lesions in the present series showed 
expansion of the orbit, a nonspecific finding 
indicating long-standing increased intra- 
orbital pressure. The following case shows 
this finding and incidentally is the most 
severe case of exophthalmos encountered 
in this series. 


Case Iv. P.F., E20658 (Fig. 4). This fifty- 
nine year old Negro male was admitted to 
Duke Hospital because of gradual, painless 
swelling of the left eye for three years. Vision in 
the left eye was said to have disappeared sud- 
denly two years before. For one week there had 
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Fic. 3. Huge sphenoid ridge meningioma causing enlargement of orbit, destruction of sphenoid ridge and 
bone surrounding optic foramen and sphenoid fissure. A tiny remnant of the posterior clinoid remains. 


Some of the remaining bone shows hyperostosis. 


been marked lacrimation and short, sharp pains 
in the eye. Examination revealed the bulb ex- 
tending 3 cm. beyond the supraorbital ridge. 
Some soft tissue and a hard nodule could be 
palpated behind and around the globe. Roent- 
gen examination showed a huge orbital mass 
with expansion of the bony orbit. The orbital 
foramen was smaller than the right, suggesting 
atrophy of the optic nerve. Enucleation was 
performed and a cavernous hemangioma found. 


Lymphomas, lymphosarcomas of the 
orbit and a case of rhabdomyosarcoma 
showed no indicative findings. One case in 
the present series showed slight enlargement 
of the orbital foramen on the involved side, 
while another showed erosion of the lesser 
sphenoid wing. Otherwise, the only finding 
seen in the intraorbital sarcomas was the 
presentation of a soft tissue mass. 


Pseudotumor refers to those cases of 


definite and persistent unilateral exoph- 
thalmos which upon surgical exploration 
fail to show tumor but only manifest 
chronic inflammation of orbital muscles 
or a granulomatous mass. All but one of 
these cases showed no roentgenographic 
findings, whatsoever. One case showed bone 
thickening around the frontal sinus. 
Gliomas of the optic nerve or chiasm, 
when situated in such a manner as to cause 
exophthalmos, cause characteristic changes 
consisting of concentric enlargement of the 
optic foramen. On the lateral skull roent- 
genogram a concavity in the anterior por- 
tion of the sella turcica is occasionally 
noted. One case with exophthalmos showed 
no roentgenographic findings, the diagnosis 
being made at postmortem examination 
elsewhere, while another case showed no 
exophthalmos. The following case demon- 
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Fic. 4. Hemangioma of orbit. Roentgenogram shows extreme exophthalmos 
of the orbit and a small optic foramen. 


strates the classical clinical and roentgeno- 
graphic findings. 

Case v. E.M.R., C25375 (Fig. 5). This eight- 
een month old, normally developed, white 
female presented with nystagmus of both eyes 
and left exophthalmos since the age of six 
months. Examination revealed the severe, bi- 
lateral nystagmus and the prominent eye. Ex- 
amination of fundi showed definite left optic 
atrophy and right temporal pallor. Roentgeno- 
grams showed a concavity in the anterior por- 
tion of the sella turcica, undermining of the an- 
terior clinoid and concentric enlargement of the 
left optic foramen which measured 1 cm. in 
diameter. The right optic foramen was also 
enlarged to 0.5 cm. Left frontal craniotomy re- 
vealed a tumor enlarging the left optic nerve, 
extending into the optic chiasm and infiltrating 
the right optic nerve. Biopsy showed spongio- 
blastoma polare. 


The change of anterior extension of the 
pituitary fossa under the anterior clinoid 


and the so-called ‘““omega”’ shaped sella tur- 
cica as described by Martin and Cush- 
ing® was observed in 2 cases of optic glioma 
since 1947 and is a fairly uncommon find- 
ing. Lindgren reported not seeing it in 9 
cases of optic glioma which he mentioned 
in 19S1. 

Metastatic carcinoma to the skull so sit- 
uated as to cause unilateral exophthalmos 
produces the irregularly destructive areas 
seen with metastatic bone disease any- 
where in the skull. In addition, all cases 
showed involvement of an orbital wall and 
encroachment upon orbital contents. The 
following illustrates such a case. 


Case vi. J.J., E38808 (Fig. 6). This forty- 
three year old Negro male was referred to 
Duke Hospital because of swelling of the left 
face and neck for three weeks following an epi- 
sode of tonsillitis which had responded well to 
antibiotics. Examination showed left exoph- 
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Fic. §. Spongioblastoma polare involving optic chiasm and both optic nerves. Roentgenogram shows marked 
enlargement of left optic foramen. Lateral view of sella turcica shows undermining of anterior clinoids 


and “‘omega”’ shaped sella turcica. 


thalmos, periorbital swelling, and extensive, 
nontender cervical lymphadenopathy. The nose, 
mouth, and pharynx were clear, no primary 
source being found. Skull roentgenograms 
showed erosion of the frontal bone and superior 
orbital wall as well as clouding of the maxillary, 
frontal and ethmoid sinuses. Biopsy revealed 
squamous cell carcinoma of the cervical lumph 
nodes but the primary site was never deter- 
mined. 


Both of the neuroblastomas encountered 
showed involvement of the orbital floor and 
one of these had actual spread into the 
maxilla. The sympathicoblastomas showed 
no bone changes roentgenographically. 

Out of a total of 8 cases of retinoblas- 
toma, 3 showed exophthalmos and of these 
2 showed the nearly diagnostic finding of 
intraorbital calcification. One showed ero- 
sion of both lateral and medial orbital walls. 
The following case was quite unusual in 
that there was expansion of the optic canal 
due to intracranial spread. 


Case vi. S.H., E73213 (Fig. 7). This three 
year old Negro female was admitted with a 


history of the right eye “turning gray over- 
night,” becoming blind and swelling about ten 
months previously. The swelling subsided four 
months prior to admission. About the same 
time the left eye turned gray and one week 
prior to admission became swollen and tender. 
Skull roentgenograms showed dilatation of the 
left optic foramen up to 8 mm. with multiple 
speckled calcifications. There was also speckled 
calcification in the right orbit. Bilateral enu- 
cleation revealed retinoblastoma with involve- 
ment of the optic nerve on the left. The right 
eye did not show tumor and evidently repre- 
sents a case of spontaneous regression. 


Of the remaining causes of exophthalmos 
listed in Table 11, the cholesteatoma was a 
purely lytic lesion encroaching on the orbit 
and somewhat difficult to differentiate from 
metastatic tumor; however, there was less 
irregular destruction than is encountered in 
the latter. It could be differentiated from a 
mucocele in not being associated with a 
sinus. It will be noted that the finding often 
described in the literature, namely, of a 
sclerotic border, was not present. 
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Fic. 6. Metastatic carcinoma causing exophthalmos from invasion 
of frontal bone and superior orbital wall. 


Case vi. C.R., D3748 (Fig. 8). This forty- 
one year old white male entered Duke Hospital 
with a three months’ history of gradual down- 
ward displacment of the right eye, drooping of 
the right eyelid, and diplopia. Examination re- 
vealed downward displacement of the eye and 
the firm edge of a mass could be palpated. Disk 
margins were blurred. Skull roentgenograms 
showed a sharply defined but irregularly bor- 
dered area of bone destruction in the right 
frontal bone encroaching on the superior orbital 
plate. Right frontal craniotomy revealed a fri- 
able tumor which microscopically was chole- 
steatoma. 


Only one out of a total of 12 micro- 
scopically diagnosed cases of Hand-Schil- 
ler-Christian disease showed unilateral 
exophthalmos, and is here presented. 

Case 1x. R.W., E3187 (Fig. 9). This two and 
one-half year old white female was admitted for 
study of a gradually enlarging swelling or mass 


on the left side of the face. Examination re- 
vealed obvious left exophthalmos with a slightly 
tender, nonmovable mass along the zygoma and 
in the preauricular area. Skull roentgenograms 
showed clean cut lytic lesions in the left zygoma 
and floor of the middle fossa extending into the 
orbit, as well as a lesion in the humerus. Biopsy 
of the left zygomatic mass revealed a reticulo- 
endotheliosis compatible with Hand-Schiiller- 
Christian disease. 


SUMMARY 


In 138 cases of unilateral exophthalmos 
presenting between 1947 and 1956 con- 
sidered here, roentgen examination offered 
the only means short of surgical explora- 
tion of determining the cause in an appreci- 
able percentage. The roentgen appearance 
was practically diagnostic in nearly one- 
third of the cases, and in an additional third 
the diagnosis could be made with reason- 


A, 


Fic. 7. Bilateral retinoblastoma which had undergone spontaneous regression in right eye causing 
enlargement of left optic foramen and bilateral speckled calcification. 


Fic. 9. Hand-Schiiller-Christian disease. Roent- 
genogram shows multiple lytic lesions in the 
skull, one of which encroaches upon the orbit. 


Fic. 8. Cholesteatoma of frontal bone showing as a 
lytic area encroaching on the right orbit. 
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able certainty when the complete clinical metric exophthalmos. Arch. Ophth., 1950, 44, 
information was available. Mucoceles, 
mors with calcification. Acta radiol., 1951, 36, 
paranasal sinus and optic gliomas showed 173-195. 
the most nearly diagnostic findings. 3. Martin, P., and Cusnine, H. Primary gliomas 
of chiasm and optic nerve in their intracranial 
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EXPERIMENTAL “SENILE” OSTEOPOROSIS* 


By J. F. McCLENDON, Pux.D., and J. GERSHON-COHEN, M.D. 


PHILADELPHIA, PENNSYLVANIA 


: | ‘HE purpose of this paper is to report 
the effect of the calcium content of a 


vitamin D deficient diet on the bones of 
rats. The concentration of all other ele- 
ments including phosphorus remained the 
same. Guerine’ showed that a low calcium 
intake did not produce rickets, but did 
cause osteoporosis. This has been alter- 
nately confirmed or denied ever since. 
Hess* described low calcium rickets as 
slight enchondral lesions with little swelling 
of the epiphyses: ‘the zone of proliferative 


cartilage is not abnormally broad... the 
osteoid tissue . . . does not attain abnormal 
dimensions . . . the radiographic picture is 


not characteristic and frequently is inter- 
preted as an absence of rickets.”’ Since we 
have never seen roentgenographic evidence 
of rickets in rats on a low calcium diet, we 
believe that low calcium rickets is a differ- 
ent disease from ordinary rickets. At any 
rate, after many repeated experiments in- 
volving hundreds of rats, we found that 
osteoporosis developed in all which were 
placed on prolonged low calcium diets at 
early ages. These rats may have passed 
through a very short period of microscopic 
rickets, but if so, they recovered spon- 
taneously. 

The current opinion of the cause of osteo- 
porosis seems to be expressed by Albright 
and Reifenstein! as a disorder of tissue 
metabolism and not of calcium or phos- 
phorus metabolism. They also believe that 
a diet inadequate in protein may make it 
impossible for the osteoblasts to lay down 
the necessary organic matrix; and that 
calcium lack per se does not cause osteo- 
porosis. 

In calcium balance studies, it is usually 
found that a very low calcium intake will 
lead to a negative balance. But it has been 
reported that humans will adapt them- 


selves to a low calcium intake. It has also 
been reported that the calcium retention of 
children varies directly with the calcium 
intake.? Since most human studies cover 
only a short period of the life cycle, we 
performed the following experiment on rats 
for a minimal period of four months after 
weaning and, since this covers a period well 
into their maturity, a much longer fraction 
of their life span was studied than is usual 
in human studies. 

The details of a typical experiment are 
here described. 

Five weanling rats of one litter were de- 
signated from 1 to 5. Rat 1 was placed on 
Diet A consisting of 92 per cent ground 
whole yellow corn, I per cent yeast, I per 
cent alfalfa meal, 1 per cent liver powder, 
1 per cent NaCl and 4 per cent corn oil for 
one hundred and thirty days. This diet 
contained 0.25 per cent calcium and 0.18 
per cent phosphorus. Rats 2, 3 and 4 were 
on the same diet with the addition of 
CaCO; in order to raise the calcium content 
as shown in Table 1. The control, rat 5, was 
on Purina Dog Chow. 

The calcium content of the drinking 
water was .0o16 per cent or only about 
one-sixteenth of the calcium content of 
Diet A. We have therefore not included this 
in our calculations. 

Rat 1 which was fed the lowest calcium 
diet had only one-quarter of the normal 
calcium content in its bones, yet this repre- 
sents an efficiency Ig times greater in the 
utilization of food calcium than in the nor- 
mal rat. Rat 4 with only one-third of the 
minimum calcium requirement in the diet 
had almost a normal calcium content in 
the bones and was more than g times as 
efficient in utilizing dietary calcium as was 
the normal rat (Table 1). 

It is therefore evident that there is adap- 


* From the Department of Radiology, Albert Einstein Medical Center, Northern Division, Philadelphia, Pennsylvania. Supported in 


part by a Grant from the National Institutes of Health, A-602 (C3). 
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TABLE I 


CALCIUM CONTENT OF DIETS AND RAT FEMURS 


Per Cent Ca 
Ratio Ca in Fe- 


Rat No. Sex Diet awe mur to Ca 
in fresh per cent 
in diet in Diet 
femur of normal 

I I A .025 4.08 26.25 164 

2 M B .065 5.63 36.13 115.4 

3 M C 105 9.38 60.02 89.3 

4 I D .185 15.56 99.8 84.1 


M E I. 800* 15.58 100 8.65 


* The minimum dietary requirement of calcium for normal bone is 0.55 per cent. 


tation in the rat, as in the human, to a_ would make the weanling rat calcium-free 
lowered calcium intake, but this is limited in one hundred days whereas it would take 
to dietary calcium levels of .185 per cent four and one-half years, or more than a 
and above. When the dietary calcium falls _ rat’s lifetime, to do the same to an old rat. 
below .185 per cent, the rat is not able to Henneman and Wallach® review their 
adapt itself to the low calcium intake even own and Albright’s cases of senile osteo- 
though its growth rate is decreased. The porosis which were treated with sex hor- 
result is osteoporosis. Besides showing the mones for a period from one to twenty 
extent to which a rat can adapt itself toa years. Although the “progress of osteo- 
lowered calcium intake, these experiments porosis was arrested,” there was no roent- 
also revealed the difference in radiation genographic evidence that lost bone tissue 
absorption by bones of different calcium was replaced. 
content. The 40 per cent reduction in per- Although protein bone matrix as well as 
centage of calcium seen in rat 3 is very calcium phosphate is lost in osteoporosis, 
striking roentgenographically (Fig. 1). 

DISCUSSION 
Banghart and Watanabe? list the follow- 

ing causes of osteoporosis: postmenopausal 
state, ACTH and cortisone, senility, mal- 
nutrition, hyperthyroidism, Cushing’s syn- 
drome, diabetes mellitus, acromegaly, 
scurvy, and idiopathy. But perhaps some 
of these causes may be further analyzed. 
Senile osteoporosis may be due to lowered 
output of sex hormones, immobilization of 
the animal or low calcium intake. Gershon- 
Cohen and McClendon® showed that, al- 
though a low calcium diet fed to weanling 
rats produced osteoporosis that was strik- 
ingly evident on roentgenograms in two 
months, the same diet fed to old rats did Fc. 1. Roentgenogram showing the appearance of 
not produce notable changes in six months. _¢X¢ised_ femurs of rats fed vitamin D deficient 
A weanling rat has about 300 mg. of cal- diets of various calcram ConpeENNEN: From left 

to right, the density of the femurs varies with the 
cium in its whole body and an old rat more _ percentage of calcium in the diet as it was de- 
than 5,000 mg. The daily loss of 3 mg. creased from 1.8 to 0.025 (Table 1). 
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adding calcium-free protein to the diet will 
not prevent the development of osteo- 
porosis in young rats. Calcium as well as 
vitamin C seems necessary to hold the pro- 
tein bone matrix in place. All of the rickets- 
producing diets that have been widely used 
have high calcium contents. The fleeting 
appearance of a small amount of osteoid in 
low calcium rickets may be explained by 
the temporary presence of calcium ions in 
the metaphysis while the calcium is leaving 
the body. Possibly there might be some sex 
difference in this respect, but we have never 
noted any. 

The point to be made is that not only are 
hormones and vitamins necessary to pre- 
vent or cure osteoporosis but calcium is also 
necessary, along with adequate duration of 
treatment as measured in large fractions of 
the life span. Thus the osteoporosis which 
the clinician and roentgenologist encoun- 
ter in the later decades of life probably has 
its origin earlier in life and the low calcium 
intake has had a cumulative effect over a 
long period. 


SUMMARY 


‘Senile’ osteoporosis in rats was pro- 
duced by a low calcium diet started during 
the early phases of life. This type of osteo- 
porosis could not be produced by a low 
calcium diet of short duration given only 
during the late phases of life. It is postu- 
lated that the type of senile osteoporosis 
encountered by the clinician and roent- 
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genologist in man stems from a deficient 
calcium diet of long standing initiated early 
in life. 


J. Gershon-Cohen, M.D. 
Department of Radiology 
Albert Einstein Medical Center 
Northern Division 

York and Tabor Roads 


Philadelphia 41, Pennsylvania 
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NEW DEVELOPMENT IN EQUIPMENT FOR THE 
ROENTGENOGRAPHIC MEASUREMENT 
OF BONE DENSITY* 


By PAULINE BEERY MACK, GEORGE PARLIN VOSE, and JAMES DONALD NELSON 


DENTON, TEXAS 


w ike E pathologic or nutritional condition 
of a human being or animal often is in- 
dicated by changes in the mineral content 
of certain parts of the skeleton. The path- 
ologic conditions may be the result of bone 
diseases such as osteoporosis, osteomyelitis, 
osteomalacia, or osteopetrosis, while de- 
ficiencies of certain vital nutrients also can 
bring about demineralization over rela- 
tively short periods of time. 

Marked departures from normal bone 
mineralization can be seen readily upon 
visual inspection of roentgenograms. Bor- 
derline cases with mineral changes only of 
a few percentage values, however, cannot 
be seen readily; and these slight changes 
often are masked by differences in film 
density resulting from variations in expo- 
sure or processing techniques. 

As early as 1927 the senior author recog- 
nized the need for an accurate and rapid 
method of measuring even slight depar- 
tures from normal skeletal density. This 
recognized need resulted in the develop- 
ment of an electromechanical scanning 
system capable of measuring subtle changes 
in optical density of a roentgenogram. The 
history of the technique has been described 
by Mack,’ with early papers by Mack, 
O’Brien, Smith, and Bauman,‘ and by 
Mack, Brown, and Trapp.* 

As reported in the previous papers, the 
optical density of the roentgenographic 
bone image is related to the mass of mineral 
which is present. In order to obtain quan- 
titative measurements, however, the effect 
of such complicating factors as bone size, 
the absorption accountable to surrounding 
soft tissues and the effect of the organic 
bone matrix must be taken into considera- 
tion. 


The purpose of the present paper will be 
to describe a new refinement in equipment 
in a newly built and evaluated bone density 
assembly now in use at the Texas Woman’s 
University. The earlier equipment devel- 
oped for use in the scanning technique for 
bone density evaluation consisted of four 
successive assemblies designed and built at 
The Pennsylvania State University by the 
first named author and colleagues. These 
assemblies required hand planimetering 
and relatively extensive mathematical cal- 
culations in order to correct for inherent 
nonlinearity of the roentgenographic curve. 
With the earlier instruments, however, 
good accuracy was obtained compared to 
ashing techniques involving cadaver bone, 
both with the bones of animals as small as 
rats, and with large and small bones of hu- 
man subjects. 

The fifth model of the series, designed by 
Brown and described by Brown and 
Birtley,! represented the first introduction 
of automatic correction of the standard 
calibration wedge and bone traces, as well 
as the integration of the corrected bone 
tracing, all in one assembly. This assembly 
consisted of: (a) a Knorr-Albers recording 
microphotometer, with some redesign of 
the internal structure; (b) two Speedomax 
recorders, the first used for the initial and 
the second for corrected traces; and (c) a 
function transformer which performed a 
curve fitting operation through the manual 
setting of a series of spring clamps corre- 
sponding to measured points along the 
calibration curve. 


DESCRIPTION OF THE NEW ASSEMBLY 


The newly constructed instrument, the 
mechanical and electrical sequence of 


* From the Nelda Childers Stark Laboratory for Human Nutrition Research, Texas Woman’s University, Denton, Texas. 


393 


Fic. 1. Bone density assembly. Right, scanning unit; 


center, transmitting recorder with linearizing 
panel; /eft, above, receiving recorder; /eft, below, 
Instron integrator. 


which has been described by Nelson, Mack, 
and Vose,' utilizes a tapped, retransmitting 
slidewire instead of the flexible steel con- 
tactor described by Brown and Birtley! 
for correction of the wedge trace to linear- 
ity. This substitution provides considerable 
ease in maintenance and a high degree of 
reproducibility. 

The assembly, which is shown in Figure 
I, is composed of four basic units: (A) a 
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Knorr-Albers scanning unit which has 
been modified in dimensions so that roent- 
genograms can be clamped rigidly at right 
angles to the scanning beam; (B) a Speed- 
omax Model G transmitting recorder 
which reproduces the film density curve 
and contains a potentiometer panel which 
adjusts the nonlinear density curve to 
linearity on a second Speedomax G record- 
ing unit (C); and (D) an Instron integrator 
geared to the output of the second Speed- 
omax recorder. 

Figure 2 illustrates schematically the 
mechanical and electrical sequence in- 
volved. The transmitting recorder which 
receives the signal from the scanning unit 
contains an adjustable retransmitting slide- 
wire. This is wound uniformly of manganin 
wire to a nominal resistance of 1,000 ohms. 
By means of 20 taps, the slidewire is di- 
vided into 20 sections each having a resis- 
tance approximately of 50 ohms. Each sec- 
tion is shunted by a 100-ohm Helipot so 
that the resistance per unit length of the 
slidewire can be varied to compensate for 
the nonlinearity of the density curve. The 
potentiometers associated with the trans- 
mitting slidewire have been installed in a 
panel immediately below the chart in the 
transmitting recorder (Fig. 3). 

The receiving recorder measures the 
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Fic. 2. Schematic drawing of the mechanical and electrical system of the integrating microdensitometer. 
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Fic. 3. 


Linearizing panel carrying the series 
of potentiometers (Helipots). 


signal from the retransmitter. A three-turn 
potentiometer geared to the balancing 
motor shaft of this instrument activates 
the Instron integrator which is mounted on 
the same rack. This instrument supplies a 
digital count readout which is proportional 
to the area under the corrected curve. 


GENERAL CONSIDERATIONS 


The problem of computing bone density 
by this technique involves the integration 
of the area under the recorded curve re- 
sulting from a photometric scan across the 
bone image on the roentgenogram. Since a 
variety of exposures must be employed ac- 
cording to the thickness of the body part, 
the characteristic roentgenographic curve 
will vary from film to film. Such factors 
as wave length, intensity of exposure, and 
film processing conditions will affect the 
shape of the curve. Because of the non- 


linearity of the curve, direct integration of 


the recorded scan of the bone image on a 
particular film would produce a useless re- 
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sult. Therefore the instrument has been 
designed to correct the density curve of 
the film to a linearized exposure curve so 
that scale deflection of the instrument be- 
comes a direct function of x-ray absorption. 
A discussion of the theoretical aspects of 
correcting the densitometric traces ob- 
tained by this method has been given by 
Mack, Brown, and Trapp.’ 

The technique requires the use of a 
wedge as a standard for comparative x-ray 
absorption which is exposed to x-radiation 
simultaneously with the exposure of the 
bone. The present type of wedge, which is 
made of an aluminum alloy with x-ray ab- 
sorption characteristics similar to those of 
bone, has a constant slope. The wedge pat- 
tern obtained on the film reflects film ex- 
posure and processing conditions so that 
its density curve produces the necessary 
data needed for correcting the bone scan 
for integration purposes, as well as provid- 
ing a means of determining comparative 
x-ray absorption. 

Since the x-radiation generated by diag- 
nostic roentgenographic machines is poly- 
chromatic, the absorption per unit thick- 
ness of bone is not constant. This effect is 
the result of differential absorption of the 
longer waves as the polychromatic beam 
penetrates the bone. As the thickness or 
density of the bone increases, the emerging 
beam becomes increasingly monochromatic. 
It would seem that this would be a disad- 
vantage. This is not the case, however, 
since the wedge presents approximately the 
same x-ray absorption characteristics as 
bone and consequently the wave length 
change produced by the bone is compen- 
sated by a similar wave length change in 
the wedge. 


FUNDAMENTAL CRITERION OF 
LINEARIZATION 


The fundamental criterion of satisfac- 
tory linearization of the calibration curve is 
the adjustment of its points to fall on a 
straight line. The shape of this curve as 
produced on the microphotometer recorder 
is a function of pen position variations with 
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a signal (abscissa), and the uniform motion 
of the chart (ordinate). To convert such a 
curve to a straight line, one can operate 
only on the abscissa values, since the or- 
dinate values are fixed by the chart motion. 

The generalized equation for the cali- 
brating curve Is: 


x=m(y) 


x=abscissa value referred to x» and is 
proportional to signal strength. 

y=ordinate value or chart travel 
ferred to yo. 

m=a functional notation. 


There exists a multiplying factor p; for 
each point x; such that the following equa- 
tion is satisfied: 
pies (k is a constant) 
R( 9g) 


and 


(X2— ) + (x1 — Xo) Do —=R ( ) +(y1—Yo) 


+ +++(yi—yo)} 
Let 
(x1 — X09) = (%¥2— = (Xn — Xn-1) = Xa 
Then 
Xap~i = (A) 
= (B) 
3XaPs = (C) 
(D) 
Equation (D) shows merely that the cor- 


rected value nx.p, of signal mx, equals the 
sum of the previously corrected value 
(n—Z)XaPn—1 plus a value which is propor- 
tional to the chart travel between points 
nx, and (n—J7)x,. This linearization is ac- 
complished by the use of an adjustable re- 
transmitting slidewire, as noted earlier. 
Figure 4 illustrates a calibration curve or 
wedge scan, with its linearized trace. (Both 
of these curves are shown on the same chart 
for clarity, although in practice they are 
produced on the separate recorders.) It will 
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be noted that the chart can be divided into 
20 equal sections along the abscissa, cor- 
responding to the major chart divisions. If 
signal strength is expressed in terms of vol- 
tage, each chart section represents a vol- 
tage step, or signal decrement. 

Referring to the equations (A), (B), (C), 

and (D), the x values are expressed in 
volts of signal strength, with x, correspond- 
ing to each major chart section. The y 
values are expressed in terms of ohms 
(along the retransmitter). The constant k 
is expressed in volts per ohm. Equation 
(D) then states that signal mx, can be ad- 
justed to nx.p, by adding a voltage value 
k(¥n—Yn-1) to the previously linearized 
signal (7—1)XapPn-1. In practice, this is ac- 
complished by adding an amount of resis- 
tance proportional to (y,—y,-1) to the re- 
transmitting slidewire at the appropriate 
location. 

Considering the first chart section 
X1—Xy=Xa, It 1s necessary to adjust the 
value x, to a linearized value x,pi. This is 
done by adjusting the resistance of the first 
slidewire section to a value proportional to 
yi-—yo as indicated in equation (A). To 
adjust signal strength value 2x, of the cali- 
brating curve to the linearized value 2x,po 
according to equation (B), one adds to the 
resistance value obtained for x, in slidewire 
section 1 additional resistance in section 2 
of the slidewire. The resistance in this sec- 
tion is proportional to chart distance 
J2—Ji- 

To linearize succeeding values of signal 
strength, taken in steps, it is necessary only 
to adjust the appropriate section of the 
slidewire to a resistance value proportional 

to the y displacement of the calibrating 
curve across the corresponding chart step. 

When the 20 resistance sections of the 
slidewire have been adjusted, the operator 
sets the k factor or slope value (see equa- 
tion) to any desired value by regulating the 
current through the slidewire, as noted. In 
practice, the voltage drop across this 
slidewire is adjusted so as to equal the full 
scale span of the receiving recorder, which 
is 10 mv. in this instrument. A retrace of 
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Fic. 4. Calibration curve, or wedge scan with its linearized trace. Both of these curves are shown on the same 
chart for clarity, although in practice they are produced on the separate recorders. 


the wedge pattern will result in a simul 
taneous production of a straight line on the 
receiving recorder. 


OPERATING SEQUENCE 


The sequence of operations required to 
achieve linearization of a density curve and 
to integrate the area under the curve of the 
corresponding scanned bone requires ap- 
proximately fifteen minutes. The wedge 
pattern first is scanned in order to provide 
the density curve of that film on the first 
recorder. Next the operator measures the 
curve displacement along the chart time 
axis over each twentieth of the curve and 
sets the potentiometers (Helipots) ac- 
cordingly. This is facilitated by the use of 
a small scale which indicates directly the 
correct Helipot setting to obtain the 
needed resistance for each slidewire section. 
Next, by means of a current adjustor, 10 


millivolts are applied across the slidewire 
in order to synchronize full-scale pen de- 
flections on both recorders. When the 
wedge curve is rescanned, a straight line 
will be produced on the receiving recorder 
if the Helipot settings are correct. 

After the integrator count reading has 
been obtained for the corrected bone scan, 
it is converted to an equivalent volume of 
wedge material by means of the formula: 


Equivalent wedge volume 
SLVC 
= H=cm.* 
5,000 
where 
S = Slope of wedge (ratio base to height). 
L=Base line length of wedge roentgeno- 
gram image (cm.). 

V =Velocity of bone scan (cm./min.). 
C= Integrator count units. 
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H=Height of scanning slit, representing 
thickness of the scanned area (cm.). 
The term 5,000 is based upon the 
fact that a full scale integration 
carried out for one minute results in 

an integrator count of 5,000. 

In the case of darker films which still fall 
within the range of density curve lineariza- 
tion possibilities, a correction is made for 
the inactive or flat portion of the wedge 
during which the integrator does not oper- 
ate. This is accomplished by adding the 
following factor to the result of equation (1): 


SLjLoH 


where S again indicates the slope of the 
wedge, L, is the length of the “inactive” or 
flat portion of the wedge, Ly is the length 
of the bone scan, and H is the height of the 
scanning slit. 

The use of two recorders is necessary 
from sensitivity considerations alone. A 
single recorder containing a nonlinear meas- 
uring slidewire, the resistance of which 

varies along its length, requires an auto- 

matic gain adjusting slidewire in order to 
adjust continually the recorder amplifier 
gain with pen travel so that recorder sensi- 
tivity would remain constant. Such a de- 
vice would be applicable where a fixed non- 
linear function is simulated on the slide- 
wire. In the present case, however, the non- 
linearity varies from film to film, with 
automatic gain change almost impossible. 
Consequently, retransmission of a cor- 
rected signal to a second recorder elimi- 
nates the need for simultaneous amplifier 
gain regulation. 


EVALUATION OF PERFORMANCE 


The microdensitometric assembly was 
evaluated on two bases, as follows: (a) by 
finding the capacity of the equipment to 
integrate bone areas accurately from roent- 
genograms exposed through a series of in- 
tensity values; and (b) by ascertaining the 
interrelationship of the mass of cadaver 
bones by analytical and by roentgeno- 
graphic procedures. 


In the first evaluation, it has been de- 


P. B. Mack, G. P. Vose and J. D. Nelson 


1959 


termined that the instrument can correct 
through a wide exposure range, based both 
upon the capacity to linearize the wedge 
trace and upon the values obtained from 
the integrated area under a series of cor- 
rected bone traces. To evaluate perform- 
ances in these two respects, roentgenograms 
were made of a cadaver bone having a 
thickness of 10 cm. through a more extreme 
range of exposures than would be encoun- 
tered under routine roentgenographic pro- 
cedures. This included exposures of 5, 10, 
20, 40 80, 160, and 320 ma.-sec. at a con- 
stant kv. peak of 50. in a bone of this thick- 
ness it had previously been determined that 
the greatest approach to linearity in the un- 
corrected wedge trace is 40 ma.-sec. at 50 
kv. peak. 

With this wide range of exposures, the 
shortest exposure (5 ma.-sec.) and the two 
longest exposures could not be evaluated 
with adequate precision. The four inter- 
mediate exposures, however, could be cor- 
rected with results as follows: 


Gram-equivalents of 
Square inches un- 


Ma.-sec. 3Ca3(PO,)2- CaCO 
der bone trace 
per cc. of bone 
10 13.01 0.73 
20 13.60 0.73 
40 12.96 0.70 
80 0.68 
S.D. 0.024 
Figure 5 illustrates the limits of satis- 


factory wedge trace linearization and in- 
tegration of bone areas as shown in the 
summary above, using exposures of 20, 40 
and 80 ma.-sec. respectively. 

Figure 6 illustrates the second evalua- 
tion, that of comparing x-ray mass with the 
mass of 50 ashed bones of human beings 
and of experimental animals ranging in 
weight from 0.021 to 17.466 gm. First, 
through an experimental procedure, the 
x-ray mass of the aluminum alloy used in 
this study was found to be related to the 
x-ray mass of 3Ca;3(PO,)2-CaCQ; by a fac- 
tor of 1.0075. This compound has x-ray 
transmission characteristics similar to that 
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Fic. 5. Corrected and uncorrected traces of calibration wedge and of bone for 
exposures of 20, 40, and 80 ma.-sec. at 50 kv. peak. 
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ic. 6. Relationship of x-ray mass to analytic 
mass of mineral in bone in terms of grams of 
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of bone mineral. Second, the x-ray mass of 
each of the 50 bones, traced in slices the 
thickness of the scanning beam (1.3 mm.) 
through the bone length, was converted 
from that of equivalent wedge alloy to that 
of calcium phosphate—carbonate, after 
which the analytical mass of each bone was 
plotted against the x-ray mass. The equi- 
valent x-ray mass of bone material was 
found to be related to the analytical mass 
by a constant factor of 0.826. 

Subsequent reports will cover the mak- 
ing of roentgenograms for bone density 
assessments in human beings and experi- 
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mental animals, the effects of varying 
amounts of organic matrix upon x-ray ab- 
sorption by bone, the correction for over- 
and underlying soft tissue, and some of the 
applications of the method to medical- 
nutrition studies. 


Pauline Beery Mack, Ph.D. 
Texas Woman’s University 

Box 3867, University Hill Station 
Denton, Texas 
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THE REPRODUCTION OF ROENTGENOGRAMS BY 
ELECTRONIC FLASH 


By RONALD PLUMMER, F.R.P.S., and CHARLES STUART, 


M.C., M.B., B.S., 


D.M.R., M.C.R.A. 


Fremantle Hospital 
WESTERN AUSTRALIA 


HE copying of roentgenograms for the 

purpose of teaching by projection or 
reproduction as black and white prints is a 
photographic task for which several tech- 
niques have been evolved. It is not the in- 
tention of the authors to review these tech- 
niques, and this paper is concerned with a 
method of transillumination of the roent- 
genogram in photography, using color re- 
versal film for the 35 mm. transparencies, 
and 35 mm. monochrome film for black and 
white prints. 

Gibson? describes a method using a cold- 
light x-ray illuminator, daylight type color 
film compensated with a CC-10M color 
compensating filter to remove a green cast, 
and a technique of pre-exposure to reduce 
contrast. Other reports (Brownell,! Hull,’ 
Kodak Data Sheet,’ Hunt,® and Long- 
more®) give little information on the pro- 
duction of 35 mm. transparencies apart 
from an agreement between Brownell,! 
Hull’ and the Kodak Data Sheet’ that 
coldlight or fluorescent type illumination 
is desirable. 

The characteristics and vagaries of the 
types of illumination in general use are well 
known, and of these, it was decided to use 
electronic flash. This light source gives an 
instantaneous exposure with a spectrum 
suitable for use with daylight type color 
film. The light output is also constant, in- 
expensive to use, and provides an intense 
source of illumination without heat. Hovell 
and Scales-Manners! state that electronic 
flash is more than a light source; it is an ex- 
tension of the camera’s capabilities and 
therefore an ideal light source for photogra- 
phy. 

Use of color reversal film for the produc- 
tion of 35 mm. transparencies for projection 
gives a number of advantages, among 


which are the excellence of the results and 
the favorable economic consideration of 
reduced cost.* The resultant transparencies 
have a greater resolution than those pro- 
duced by the monochrome film intermedi- 
ate and positive method, and in the case of 
factory processing, very little time is in- 
volved in their production. When user- 
processing of color reversal film is under- 
taken, the extra time involved is negligible 
when considering that a good quality posi- 
tive of excellent resolution is obtainable 
with each exposure, as opposed to the un- 
satisfactory and _ time-consuming inter- 
mediate and positive monochrome tech- 
niques. 


CAMERA EQUIPMENT 


The Leitz sliding copier and the Reprovit 
| or 11 are very suitable for this type of 
work, and with the projection head incorpo- 
rated, such as the standard equipment of 
the Reprovit 11, accurate focussing is facili- 
tated without resort to ground glass view- 
ing. In the apparatus constructed, use was 
made of the special focussing stage, f 4.5, 
Repro-Elmar lens and the projection head, 
which were part of the Reprovit 11 appara- 
tus located in the Fremantle Hospital. The 
camera used was a Leica 3F. 


ILLUMINATOR 


An old pyramid type viewing box was 
built into a small table so that the screen 
was level with the table surface (Fig. 1) 
and a vertical column was mounted on the 
table, enabling the camera to traverse ver- 
tically, the lens axis being opposed to the 
center of the screen (Fig. 2). A Blaupunkt 
Reporter Type 1 electronic flash tube was 
then fitted to the base of the viewing box 
with the aid of a piece of } inch conduit 
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Fic. 1. Table with pyramid viewing box. 


with a drilled flange attached, the tube be- 


ing positioned in the conduit with a rubber 


stopper. The flash tube was then connected 
through a triggering circuit to a mains op- 
erated Blaupunkt Reporter 1 flash unit, in 
the manner described by Plummer.’ 
Since it could be considered desirable to 
have tungsten illumination for exposure es- 
timation or ground glass viewing, an Osram 
6 volt, 5 ampere lamp was built in, so that 
only 3 inch of the globe protruded into the 
box, the interior of which was painted mat 
white. This lamp was used in conjunction 
with a mains operated Leitz “‘redyx’’ trans- 
former. Interference caused by this lamp 
during photography either by its projection 
into the box or by continued burning during 


Fic. 2. Table top with camera unit. 
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Kic. 3. Flash unit. 


exposure was nil. Complete diffusion of the 
flashlight was obtained by the combined 
effect of a piece of } inch opal perspex 
placed over the flashtube and the opal 
screen of the viewing box. 

An alternative to the Blaupunkt Report- 
er unit has been constructed (Fig. 3 and 4) 
to supply the power requirement of the Re- 
porter 1 type flash tubes built into various 
pieces of equipment in use at this hospital, 
including the roentgenogram copier. The 
triggering circuitry (Fig. 5), which was lo- 
cated in a small box when using the Blau- 
punkt Reporter, was built into the new 
unit, increasing the efficiency and reducing 
the number of extraneous leads. The flash- 
tube or tubes plug directly into the front of 
the unit with a 3-pin plug. The power sup- 
ply was designed to give an output from 50 
to 450 joules and to actuate from 1 to 4 
tubes simultaneously according to the out- 
put setting selected and the apparatus 
used. The number of tubes which can be 
fired simultaneously can be ascertained by 
referring to Table 1. 

Household type 3-pin sockets were uti- 
lized in the unit so that 3-pin plugs con- 
nected to the flash tubes could be used 
with their greater strength and dependa- 
bility. Other features in the power supply 
include the separation of input and output 
into two separate panels, one on either side 
of the control panel. The input section was 
provided with an easily changeable fuse, an 
on-off switch and an associated indicator 
light; and the output panel with a neon in- | 
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Fic. 4. Circuit of flash unit. 


dicator to show when the unit is ready for 
operation, an independent firing or test 
button, and a socket for the synchronizing 
lead. This lead was fitted with a compur fit- 
ment at one end and a small 2-pin plug at 
the other to facilitate a simple and robust 
connection at the unit. 

Also incorporated was 6 volt A.C. supply 
which can be used with the tungsten globe 
if required. It is proposed to build into the 


panel a rheostat and indicating voltmeter, 
so that the intensity of the focussing lamp 
can be controlled. 


METHOD 


Operation is carried out in the following 
manner: The roentgenogram to be copied 
is placed on the viewing screen and held 
flat if necessary with a piece of } inch clear 
glass, and all extraneous light is excluded 


TABLE I 

225 
Flash Tube 50 100 ae. 225 me 450 
W/S W/S W/S W/S 

w/s w/s 
Primary 1. Yes Yes Yes Yes Yes Yes 
a. No Yes Yes Yes Yes Yes 
Secondary I. No No Yes No Yes No 
a No No Yes No Yes No 
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5. Triggering circuit. 


by masking. The camera is then brought 
into sharp focus using the projection head. 
The focussing light in the projection head 
is then switched off and the camera moved 
into position. The aperture to be used is set, 
synchronizing lead connected, and exposure 
made by depressing the camera release, 
synchronously firing the flash tube. 


EXPOSURE ESTIMATION 


Since the synchronizing speed of the 
Leica camera is 1/25 sec., exposure can 


Ronald Plummer and Charles Stuart 
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only be controlled by the aperture and 
flash tube output. In practice, when mak- 
ing 35 mm. transparencies, the flash tube 
output was used exclusively at 100 joules 
and the exposure regulated solely by the 
aperture. If desired, this factor can be as- 
certained with the aid of a photoelectric 
exposure meter after an initial calibration. 
It was found, however, that after a very 
short period the operator becomes the best 
judge of aperture and consistently good re- 
sults can be obtained. An unusual feature 
in copying roentgenograms with electronic 
flash is the remarkable latitude of exposure, 
which is the optimum aperture, plus or 
minus at least one and one-half stops. Any 
lens setting within this range provided a 
transparency suitable for projection. When 
using black and white film for the produc- 
tion of prints, the same technique is used 
with an even greater latitude of aperture 
being permissible, with little variation in 
results being evident. 


FILM 


Of the color reversal films available, 
Ferraniacolour, Kodachrome and Ansco- 


Fic. 6. (4) At f 4.5; (B) at f 16. 
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Fic. 8. (4) At f 4.5; (B) at f 16. 
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lic. 9. (4) At f 4.5; (B) at f 16. 


Fic. 10. (4) At f 4.5; (B) at f 16. 
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Kic. 11. (4) At f 4.5; (B) at f 16. 


chrome were used and gave good results, 
although in the opinion of the authors, Fer- 
raniacolour provided the best transparen- 
cy. Black and white prints can also be made 
from the color transparencies produced 
without difficulty. 

When copying roentgenograms for the 
production of black and white negatives 
and prints, Kodak Pan X film developed 
in D76 diluted 1-1 for seven minutes at 
68°F. was used after some experimenting, 
and resultant negatives printed well on a 
grade I paper. 


RESULTS 

From the medical aspect, the advantages 
of the technique are numerous. As many as 
gO roentgenograms per hour can be photo- 
graphed, and in a busy radiologic diagnos- 
tic department interesting films of the day 
can be put aside and copied in a very short 
time. If the equipment is placed in the re- 
porting room, roentgenograms could be 
copied while the radiologist is reporting. 

The 35 mm. facsimile produced from the 
roentgenogram can then be mounted and 
is immediately ready for projection at lec- 
tures, demonstrations, etc. In this way, a 
complete slide library can be rapidly estab- 
lished. 

With previous techniques it was often 
necessary to reproduce an area of impor- 
tance on the film at the expense of the re- 
mainder of the roentgenogram. The new 


method precludes the necessity for any 
specialized treatment; thus it is possible to 
maintain an accurate representation of the 
whole of the original roentgenogram and 
it can be shown that there is no loss of defi- 
nition in reproduction. 

A demonstration of the results is shown 
in Figures 6, 4 and B to 11, 4 and B, in- 
clusive. In each case, 2 copies were taken 
at the extreme range of apertures, 4 at 
f 4.5 and B at f 16. Thus 4 in each case 
represents an exposure 16 times greater 
than B. As will be seen from the reproduc- 
tions, this has resulted in a minimal differ- 
ence in quality or contrast. 


SUMMARY 


A new method for reproducing roent- 
genograms by flash transillumination 1s de- 
scribed. The illuminant, which is an elec- 
tronic flash tube, allows a considerable 
latitude of aperture settings for each roent- 
genogram. Color reversal film is used when 
making transparencies for projection, and 
when copying a roentgenogram of average 
density, 100 joules at f 11 was found to give 
excellent results. The value of this method 
in a busy radiologic diagnostic department 
is emphasized. 


Dr. Charles Stuart 
Martalup 

254 St. George’s Tce. 
Perth, Western Australia 
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INSTRUCTION COURSES OF THE SIXTIETH 
ANNUAL MEETING OF THE AMERICAN 
ROENTGEN RAY SOCIETY 


ACH year since 1939 Instruction 

Courses have played an important 
part in the over-all program of the Annual 
Meeting of the American Roentgen Ray 
Society. In 1939 President-Elect Edward 
L. Jenkinson, with the approval of the 
Executive Council, inaugurated these re- 
fresher courses at the September meeting 
held in Chicago. Dr. B. R. Kirklin was ap- 
pointed the first Director of the Instruction 
Courses and did an amazingly splendid job 
of arranging the first session. The general 
format which he established has proved so 
excellent that it is still in use. Dr. Kirklin 
continued as Director until 1948 when he 
was succeeded by Dr. H. M. Weber, who 
continued in this capacity until 1957. Dur- 
ing Dr. Weber’s term as President of the 
American Roentgen Ray Society in 1953, 
Dr. B. R. Kirklin returned to his old posi- 
tion as Director of the Instruction Courses. 
These courses have become an annual fea- 
ture but because no meetings of the Society 
were held during the war years, 1943, 1944 
and 1945, the present year marks the 
eighteenth time these courses have been 
presented. 

A review of the faculty who gave the 
first courses in 1939 reads like a ‘“‘Who’s 
Who” of American Radiology. It has al- 
ways been the intent of Doctors Kirklin 
and Weber to have as Instructors those 
men best qualified in their respective fields. 
Teachers have been selected because of 
their great personal experience. The prime 
objective has been to transmit this abun- 
dance of individual knowledge to larger 
numbers of practicing radiologists. The 
success of this program, as evidenced by its 
constantly increasing popularity, is indeed 
a tribute to Dr. Jenkinson’s foresight and 
the years of devoted service given by Doc- 


tors Kirklin and Weber. 

This year’s Section on Instruction has 
fifty-nine members on the faculty, which is 
the largest number ever participating. 
These teachers will present sixty-four pe- 
riods of instruction, each period lasting 
ninety minutes. The great majority of the 
courses are completed in single periods, 
with only a few sequential two and three 
period courses. The material to be dis- 
cussed covers a large segment of radiology 
in those fields of greatest interest to the 
practicing radiologist of today. Although 
these are basically refresher courses, there 
are many areas where new concepts will 
also be developed. The general plan, in use 
for many years, of dividing the total hours 
between diagnosis and therapy on the basis 
of a two to one ratio has been continued, 
with the addition of a few more hours in 
the areas of nuclear medicine, physics and 
biology. An Associate Director, Dr. Donn 
Mosser, has been appointed this year and 
his efforts have been directed largely 
towards arranging the courses in therapeu- 
tic radiology and nuclear medicine. 

There are a number of new names on the 
faculty this year in conformity with the in- 
tent of presenting different and sometimes 
new material. It is our desire to continue 
changing the faculty in the future in order 
to keep abreast of the demands of modern 
radiology. 

A detailed description of this year’s 
courses, as well as instructions on registra- 
tion, appears elsewhere in this issue of the 
JournaL. These instructions and course 
descriptions should be read thoroughly and 
registrations sent in early. 

Haro_p O. Pererson, M.D. 
Director, Section on Instruction 
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GEORGE WINSLOW HOLMES 


1876 


N March 18, 1959, George Winslow 
Holmes, a long time member of the 
American Roentgen Ray Society ended his 
distinguished career as_ roentgenologist, 
teacher, and investigator. 
Born in Waldo, Maine, December 28, 
1876 of George O. and Laura Bartlett 
Holmes, he attended the Belfast schools 


1959 


and Tufts Medical School from which he 
graduated in 1906. He held internships at 
Long Island Hospital and Boston City 
Hospital, and thereafter started his career 
in Radiology in 1911 under Walter Dodd, 
M.D., at the Massachusetts General Hospi- 
tal. 

In 1917, after Dodd’s premature death, 


| 
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Holmes became head of the Department 
and continued as such until 1941. In 1913 
he received his first appointment to the 
Harvard Medical School as Assistant in 
Radiology and in 1918 he became a mem- 
ber of the faculty as instructor. The posi- 
tion of Clinical Professor was attained in 
1931 and this position he held until 1941. 
This should have begun Dr. Holmes’ re- 
tirement but shortly he was recalled as Act- 
ing Chief of Radiology at the Massachu- 
setts General Hospital, and served in this 
post throughout the war years until 1945. 

From this position he returned to his 
native home of Belfast, and there “‘retire- 
ment” again was merely a word as he con- 
tinued diverse activities not only as a radi- 
ologist, but as a physician actively practic- 
ing in the Waldo County Hospital and 
helping in the planning, building and 
equipping of the modern, new building 
which was completed in 1957. 

In his years as a roentgenologist, his 
honors were many. These included the fol- 
lowing: a founder Trustee of the American 
Board of Radiology; President of the 
American Roentgen Ray Society in 1924; 
Caldwell Lecturer of the American Roent- 
gen Ray Society in 1940; Carman Lecturer 
of the Radiological Society of North Amer- 
ica and recipient of the Gold Medal of this 
Society in 1937. Unbeknownst to him at 
the time, he gave the original George W. 
Holmes Lecture of the New England 
Rcentgen Ray Society in 1945. Of this So- 
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ciety he was one of the founders. In addi- 
tion to these honors, he was an Honorary 
Member of the Royal Society of Medicine. 

His original contributions to radiology 
included many papers as well as his two 
text books for students: “Roentgen Inter- 
pretation” and “Roentgen Therapy.’ He 
has been known as the father of resident 
training in Radiology having started the 
original training program for residents at 
the Massachusetts General Hospital. An- 
other first included the formation of the 
first Tumor Clinic in a general hospital in 
this country. Throughout the years, Dr. 
Holmes maintained his position as a physi- 
cian; one of the few radiologists who has 
insisted on this attainment. Never did he 
slip from this professional level, and he 
made every effort to contribute this teach- 
ing to his many trainees. Never conceited, 
always honest, with a twinkle of humor in 
his eye, he will be remembered as one of the 
great men of Radiology. 

He is survived by his wife, Elsie Young 
Holmes, a sister Mrs. Eben F. Littlefield, 
and two brothers—Clyde B. and Gay E. 

He will be remembered as a great teach- 
er dispersing his knowledge through his 
thoughts, teachings and actions 
Winslow Holmes. 


George 


LAURENCE L. Rossins, M.D. 


Radiologist-in-Chief 
Massachusetts General Hospital 
Boston, Massachusetts 
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AMERICAN ROENTGEN RAY SOCIETY 


SECTION ON INSTRUCTION 


Haro.p O. M.D., Director 
Donn G. Mosser, M.D., Associate Director 


Titles and Abstracts of Courses Offered 


Sixtieth Annual Meeting 
Netherland Hilton Hotel, Cincinnati, Ohio 


September 22 to September 25, 1959 


Epwarp B. D. Nev- 
HAUSER, with the approval of the Executive 
Council, has requested that the Section on 
Instruction of the American Roentgen Ray 
Society be continued for the Annual Meet- 
ing of 1959. The courses will all be of nine- 
ty minutes’ duration and will be held be- 
tween the hours of 3:00 P.M. and 4:30 P.M. 
on Tuesday, Wednesday and Thursday 
and from 1:30 P.M. to 3:00 P.M. on Friday. 
No other official activity has been sched- 
uled for this time. 

Sixteen rooms are available for the In- 
struction Courses and one course will be of- 
fered in each room each afternoon of the 
Annual Meeting. A total of fifty-nine in- 
structors will give sixty-four courses dur- 
ing the four days. 

There will be forty-one courses in Diag- 
nostic Roentgenology and_ twenty-three 
courses in Therapeutic Radiology, Nuclear 
Medicine, Physics and Radiobiology. Of 
the diagnostic courses twenty-two are 
single period courses; nine are two period 
courses, and one 1s a three period course. In 
therapy sixteen are single period courses, 
two are two period courses and one is a 
three period course. It is desirable, al- 
though not absolutely essential, that one 
should sign up for all courses in case these 
appear to be sequential courses. This is par- 
ticularly true of courses 121-221-321, 124 
224, 322-422, 106-206-306, and 303-403. 


GENERAL INFORMATION 
Location of Courses 


The courses will be held in rooms which 
are numbered 602, 604, 606, 615, 617, 618, 


619, 620, 621, 622 and 623 on the sixth 
floor. Five other rooms will also be used on 
the same general floor level as the Registra- 
tion Desk, designated as Parlors J, L, M, 
N and O. Full information will be available 
at the desk of the Section on Instruction, 
which will be located in the General Regis- 
tration Area on Monday afternoon and 
from 8:30 A.M. until 4:30 P.M. Tuesday, 
Wednesday, Thursday and Friday. 


How to Register and Obtain Tickets for 
the Instruction Courses 


Admission to the Instruction Courses 
will be by ticket only. 

Following the list of titles and abstracts 
is a general order sheet. First, second and 
third choices for each period should be se- 
lected carefully and indicated on the order 
sheet. It is estimated that the number who 
can attend each course each day will range 
between 40 and 120 persons depending on 
room size. If the directions given on the 
order sheet are followed explicitly, errors in 
completing reservations for the courses 
will be minimized. 

It is possible for one to attend only four 
periods of instruction, so the condensed 
schedule given on the last pages of this 
program should be consulted with care 
when registering and ordering tickets for 
the courses. 

Reservations for the courses will be 
made in the order in which the order forms 
are received. Those who are not members of 
the American Roentgen Ray Society will 
be charged the nominal fee of $2.00 per pe- 
riod. Full-time graduate students in radi- 
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ology will be admitted without fee, but 
they will be required to make application 
for the courses they wish to attend. 

Prior to September 12, 1959, the order 
forms should be sent to the Director, Dr. 
Harold O. Peterson, 1995 West County 
Road “‘B,” St. Paul 13, Minnesota. After 
September 12, 1959, the order forms should 
be sent directly to Dr. Harold O. Peterson, 
Netherland Hilton Hotel, Cincinnati, Ohio. 

To avoid the confusion always existing on 
the first days of the meeting, a set of tickets 
will be mailed to each person whose registra- 
tion for courses reaches the office of the Direc- 
tor on or before September 12, 1959. The en- 
velope containing the tickets will be labelled in 
a conspicuous manner. Registrants are urged 
to be on the lookout for their tickets and to 
bring them to the meeting. The success of this 
plan depends entirely on the cooperation of 
the registrants. 

In case the courses are not filled by the time 
of the meeting, tickets will be available at the 
Registration Desk of the Section on Instruc- 
tion, Monday afternoon, September 21, and 
thereafter during the meeting. 


Holders of Tickets 


Those who do not have the proper ticket 
for the course they wish to attend will not 
be permitted to enter the room. An attend- 
ant will be at the door of each conference 
room to collect the tickets. 


THE FACULTY 


1. J. Robert Andrews, M.D., D.Sc. (Med.), Radia- 
tion Branch, National Cancer Institute, Na- 
tional Institutes of Health, Public Health Serv- 
ice, Department of Health, Education and 
Welfare, Bethesda, Maryland. 


2. Arnold L. Bachman, M.D., Assistant Professor 
of Radiology, Columbia University, New York, 
New York. 


. Fernando G. Bloedorn, M.D., Head, Division of 
Radiotherapy, Associate Professor of Radiology, 
University of Maryland, Baltimore, Maryland. 


4. John Boland, M.D., Radiotherapist-in-Chief, 
Mount Sinai Hospital, New York, New York. 


5. Chauncey N. Borman, M.D., Assistant Clinical 
Professor of Radiology, St. Mary’s Hospital, 
Minneapolis, Minnesota. 


American Roentgen 


~ 


16. 


Ig. 


. Bernard S. Epstein, 


Ray Society Aveust, 1959 
John Caffey, M.D., Professor of Radiology, Col- 
lege of Physicians and Surgeons, Columbia 
Presbyterian Medical Center, New York, New 


York. 


John A. Campbell, M.D., Chairman, Depart- 
ment of Radiology, Indiana University Medical 
Center, Indianapolis, Indiana. 


. George Casarett, Ph.D., Department of Radiol- 


ogy, University of Rochester School of Medicine, 
Rochester, New York. 


. Carlo A. Cuccia, M.D., University of Maryland, 


Baltimore, Maryland. 


. Giulio J. D’Angio, M.D., X-ray Therapy De- 


partment, The Children’s Hospital, Boston, 
Massachusetts. 


. Juan A. del Regato, M.D., Director, Penrose 


Cancer Hospital, Colorado Springs, Colorado. 


M.D., Department of 
Radiology, The Long Island Jewish Hospital, 
New Hyde Park, Long Island, New York. 


. Lewis E. Etter, M.D., Director, Department of 


Radiology, The Falk Clinic; Consultant, West- 
ern Psychiatric Institute and Clinic; Professor 
of Radiology, School of Medicine, University of 
Pittsburgh, Pittsburgh, Pennsylvania. 


. Benjamin Felson, M.D., Professor and Director, 


Department of Radiology, University of Cin- 
cinnati, Cincinnati, Ohio. 


. Felix G. Fleischner, M.D., Director, Department 


of Radiology, Beth Israel Hospital; Clinical 
Professor of Radiology, Harvard University, 
Boston, Massachusetts. 

Gilbert H. Fletcher, M.D., Director of Radia- 


tion Therapy, M. D. Anderson Hospital and 
Tumor Institute, Houston, Texas. 


. Brit B. Gay, Jr., M.D., Department of Radiol- 


ogy, Emory University, Atlanta, Georgia. 


. Marvin Goldberg, M.D., Clinical Instructor in 


Radiology, University of Minnesota; Mount 
Sinai Hospital, Minneapolis, Minnesota. 


Philip J. Hodes, M.D., Professor of Radiology, 
University of Pennsylvania, Philadelphia, Penn- 
sylvania. 


. Kenneth E. Hodge, M.B., Chief Radiologist, 


Department of Radiology, Sunnybrook Hospital, 
Toronto, Ontario, Canada. 


. John W. Hope, M.D., Director, Department of 


Radiology, The Children’s Hospital of Phila- 
delphia; Assistant Professor of Radiology, Uni- 
versity of Pennsylvania, Philadelphia, Penn- 
sylvania. 


Section on 


. George Jacobson, M.D., Professor and Head of 


Radiology, University of Southern California, 
Los Angeles, California. 


. Harold Jacobson, M.D., Chief of the Division of 


Diagnostic Radiology at Montefiore Hospital; 
Clinical Professor of Radiology at New York 
University College of Medicine; Senior Consult- 
ant in Radiology to the Veterans Hospital in the 
Bronx, New York, New York. 


. H. E. Johns, Ph.D., Head, Physics Division, 


Ontario Cancer Institute, Toronto, and Pro- 
fessor of Physics, University of Toronto, Toron- 
to, Ontario, Canada. 


. Gordon C. Johnson, M.D., M. D. Anderson 


Hospital and Tumor Institute, Houston, Texas. 


26. John Kirkpatrick, M.D., Department of Radiol- 


ogy, St. Christopher’s Hospital, Philadelphia, 
Pennsylvania. 


. Simon Kramer, M.D., Co-Director Radiation 


Therapy; Associate Professor of Radiology, 
Jefferson Medical College Hospital, Philadelphia, 
Pennsylvania. 


. Richard G. Lester, M.D., Assistant Professor of 


Radiology, University of Minnesota, Min- 


neapolis, Minnesota. 


. Emanuel J. Levin, M.D., Director of Radiology, 


Maimonides Hospital of Brooklyn; Professor of 
Radiology, State University of New York, 
Brooklyn, New York. 
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57. H. Stephen Weens, M.D., Emory University, 
School of Medicine, Atlanta, Georgia. 
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DESCRIPTION OF DIAGNOSTIC 
COURSES 


COURSE 101 
Tuesday 


JOHN CAFFEY, M.D. 
New York, New York 


Achondroplasia and Other Diseases of 
Cartilaginous Growth 


Also to be covered are Morquio’s disease, meta- 
physeal dysostosis, multiple epiphyseal dysostosis 
and one or two of the other cartilaginous dystro- 
phies. 


COURSE 102 
Tuesday 


ROBERT SHAPIRO, M.D. 
New Haven, Connecticut 


Metabolic Bone Diseases 


Traditionally, much emphasis has been placed up- 
on the role of the skeleton as a supporting structure. 
Considerably less attention has been focused on the 
homeostatic role of the skeleton in maintaining the 
composition of the body fluids. Because of its active 
participation in many important metabolic processes, 
the skeleton is subject to change in a number of sys- 
temic diseases. This course will attempt to present a 
logical classification of metabolic bone diseases and 
correlate the roentgen findings with the physiologic 
and chemical abnormalities. 
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COURSE 103 
and 
COURSE 203 


Tuesday and Wednesday 


JOHN W. HOPE, M.D. 
Philadelphia, Pennsylvania 


Roentgen Facts and Fallacies Regarding the 
Normal and Abnormal Chest in 
Infants and Children 


Course 103. In the speaker’s opinion, roentgen 
examination of the chest is most difficult to properly 
interpret. The more one knows about the chest, the 
less simple the interpretation becomes. As time has 
gone by, the speaker has fallen into quite a few of the 
pitfalls which one can encounter. Infants and chil- 
dren present a number of these pitfalls of which the 
average adult radiologist is not even aware. The first 
half of this course will be devoted to these pitfalls, 
and how to try to avoid them. 

The second half of the course will be devoted to a 
number of chest conditions peculiar to infants and 
children. Many of these conditions will be acute 
problems in which the radiologist should be the key 
figure around whom the case should evolve. 


Roentgen Facts and Fallacies Regarding the 
Normal and Abnormal Genitourinary 
Tract of Infants and Children 


Course 203. Probably the most important exami- 
nation with the highest yield of positive returns in 
Pediatric Radiology is intravenous urography, and 
yet, in spite of its importance, it is a study that is 
frequently poorly executed. There are a multitude 
of reasons for this. The speaker will attempt to show 
his own problems with this procedure, and how by 
working at it over a long period of time he arrived 
at a technique which nine out of ten times results in 
a diagnostic study. This technique will include 
various methods of reducing the roentgen exposure 
to the gonads. It will also illustrate the importance 
of obtaining a voiding urethrogram in the male as 
one of the final steps in the procedure. 

Having presented the technique of intravenous 
urography, the speaker will then attempt to illus- 
trate his own evolutionary understanding of pos- 
terior urethral val.es, ectopic ureteroceles, absence 
of the abdominal musculature, and as many other 
congenital anomalies as time will permit. 
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COURSE 104 
and 
COURSE 204 


Tuesday and Wednesday 


ARNOLD L. BACHMAN, M.D. 
New York, New York 


Roentgenographic Diagnosis of the 
Larynx and Pharynx 


The following are discussed in detail in two ses- 
sions: Roentgenographic techniques for examination 
of the soft tissues of the neck; roentgenographic nor- 
mal anatomy and physiology of the larynx; laryn- 
geal paralysis; roentgenology of normal and abnor- 
mal swallowing mechanisms; neoplasms of the 
larynx and pharynx; and extension of the laryngo- 
pharyngeal tumors. 

Also to be discussed are foreign bodies of the 
cervical esophagus, laryngocele, cricopharyngeal 
spasm and roentgenology of the adenoids. 


COURSE 105 
Tuesday 


CHAUNCEY N. BORMAN, M.D. 
Minneapolis, Minnesota 


Bronchopulmonary Segmental 
Anatomy and Bronchography 


Segmental pulmonary resections make necessary 
an exact determination and an accurate description 
of the location and extent of pulmonary disease. 
Segmental anatomy of the prevailing pattern of the 
bronchial tree with the common variations signifi- 
cant to the roentgenologist will be reviewed. Ter- 
minology in description of bronchial anatomy will 
also be discussed. Inflammatory disease patterns and 
bronchial obstructing lesions will be demonstrated. 
Technique of bronchography as a team procedure 
will be briefly outlined. The value and importance of 
complete bronchial mapping, permitting identifica- 
tion of all ten segments and their subsegments will 
be stressed. 


COURSE 106 
COURSE 206 
and 
COURSE 306 


Tuesday, Wednesday and Thursday 
PHILIP J. HODES, M.D. 
Philadelphia, Pennsylvania 
BERNARD S. EPSTEIN, M.D. 
New Hyde Park, Long Island, New York 


Roentgen Manifestations of 
Intracranial Hemorrhage 


rhe roentgen manifestations of acute and chronic 
intracranial hemorrhage may be depicted in routine 
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roentgenograms of the skull, in air studies, and by 
means of cerebral angiography. We shall discuss 
thoroughly the routine roentgenographic changes we 
have come to recognize as the result of cerebral 
hemorrhage, irrespective of origin. The pneumoen- 
cephalographic findings in patients with intracranial 
hemorrhage have received wide publicity, but there 
are those less familiar with the rather classic roent- 
genographic abnormalities which bespeak such things 
as aneurysms in air studies. Finally, almost half of 
the course will be devoted to the roentgen manifesta- 
tions of cranial hemorrhage viewed by means of 
cerebral angiography. This involves the secondary 
manifestations of altered cerebral blood flow which 
includes a consideration of the various shunts in- 
itiated by these mechanisms. The fundamental 
physiologic concepts of cerebral circulation will be 
reviewed also. 


COURSE 107 
and 
COURSE 207 


Tuesday and Wednesday 


JARRELL E. MILLER, M.D. 
Dallas, Texas 


Roentgen Examination of the 
Stomach and Small Bowel 


The roentgen examination of the stomach and 
small bowel is the one area where the radiologist 
can and must remain supreme. Many specialists, 
whose specialty exists as we know it today because 
of the roentgen examination, become quite skilled 
in interpreting films in their field. The really good 
physicians in these specialties will not fail to utilize 
the services of a radiologist who has himself acquired 
requisite skill in the interpretation of films within 
their field. Not all radiologists are able to maintain 
adequate skill in interpretation of special studies 
such as cerebral angiograms, pneumograms, angio- 
cardiograms and other special procedures when they 
have little or no opportunity to see them. The upper 
gastrointestinal tract study is one of the most fre- 
quently performed examinations where the radio- 
logist plays a dominant role. It is necessary, there- 
fore, that he acquire and maintain a superior skill in 
performing these examinations as well as interpreting 
the results. He must be prepared to interpret films 
made elsewhere as well as to influence the quality of 
the examinations that are done elsewhere. 

The first course will deal principally with tech- 
nique of the upper gastrointestinal tract examination 
as well as the small bowel study. The minimum film 
requirement for an adequate upper gastrointestinal 
tract study will be demonstrated. Techniques for 
combination procedures which can be done without 
compromising any of the examinations will also be 
shown. Pitfalls and errors in interpretation will be 
discussed along with methods of avoiding them. 
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The second course will consist of demonstration 
of the various lesions which can be diagnosed by 
means of this examination with special reference to 
gastritis and gastric ulceration. 


COURSE 108 
Tuesday 


GEORGE JACOBSON, M.D. 
Los Angeles, California 


Examination of the Heart by 
Conventional Roentgenology 


Conventional roentgenology remains the _ basic 
diagnostic tool in the roentgen examination of the 
heart. Our understanding of both normal and abnor- 
mal cardiovascular anatomy and function has been 
greatly enhanced by cardiac catheterization and 
angiocardiography. As a result of the knowledge 
gained from these procedures, more precise interpre- 
tation of conventional roentgenograms has become 
possible. The following will be discussed: (1) normal 
cardiac anatomy; (2) specific chamber enlargement; 
(3) estimation of pulmonary artery pressure and 
flow; and (4) pulmonary changes associated with 
cardiac disease. 


COURSE 109 
Tuesday 


H. STEPHEN WEENS, M.D. 
Atlanta, Georgia 
BRIT B. GAY, JR., M.D. 
Atlanta, Georgia 


The Roentgenology of the Pulmonary 
Circulation in Health and Disease 


Normal Anatomy: Pulmonary arteries and veins. 
Pulmonary lymphatics. Bronchial arteries. 

Physiology: Normal pressure values in pulmonary 
arteries, capillaries and veins. Normal pulmonary 
blood flow. 

Special Roentgenologic Techniques: Fluoroscopy 
with image amplifier. Laminagraphy. Angiocardiog- 
raphy. Cinefluorography. 

Congenital Abnormalities: Agenesis of pulmonary 
artery. Hypoplasia of pulmonary artery. Abnormal 
pulmonary arteries and pulmonary sequestration. 
Arteriovenous fistula. Abnormal pulmonary venous 
return. 

Acquired Diseases of Pulmonary Circulation: Pul- 
monary artery embolism and thrombosis. Pulmonary 
infarction. Pulmonary artery dilatation and aneu- 
rysm. Pulmonary congestion and edema. Kerley’s 
lines. Hemosiderosis and osteosis in mitral valvular 
disease. Hydrothorax. 

Physiologic Changes of Pulmonary Circulation: 
Increased pulmonary blood flow, decreased pul- 
monary blood flow, pulmonary hpertension. Col- 
lateral (bronchial) circulation to the lungs with 
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pulmonary atresia. Correlation of pulmonary artery 
size and pulsation with pulmonary blood flow and 
pressure. 

A film strip depicting pulsations in the pulmonary 
arteries will be shown to illustrate the fluoroscopic 
findings in decreased pulmonary blood flow, in- 
creased pulmonary blood flow, pulmonary hyperten- 
sion and pulmonary valvular stenosis. 


COURSE 110 
and 
COURSE 210 


Tuesday and Wednesday 


ALEXANDER STEWART 
MACMILLIAN, M.D. 
Boston, Massachusetts 


Sinuses and Mastoids, Lateral Neck 
and Larynx 


Course 110. Sinuses. 
Course 210. Mastoids, Lateral Neck and Larynx. 


COURSE 201 
Wednesday 


WILLIAM J. TUDDENHAM, M.D. 
Philadelphia, Pennsylvania 


New Concepts in Radiographic and 
Interpretative Techniques 


The inadequacy of “density,” “‘resolution,” ‘‘con- 
trast” and “unsharpness”’ as criteria for evaluating 
the “quality” of diagnostic roentgenograms will be 
discussed, and new criteria of “film quality” will be 
presented. 

The significance of the various physical factors af- 
fecting the “quality” of roentgenograms will be con- 
sidered, and the indications for so-called ‘‘high-kilo- 
voltage” and “‘supervoltage” radiography as well as 
for the use of the “micro-focus” roentgen-ray tube 
will be specifically noted. 

Recent observations concerning view-box and sur- 
rounding illumination, the control of glare, the choice 
of reading lenses—practical aids for the radiologist 
in perceiving critical “threshold” images—will be 
presented. 

Pertinent experimental findings will be cited, but 
the practical clinical application of these concepts 
will be emphasized through the presentation of il- 
lustrative diagnostic roentgenograms. 


Vs 
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COURSE 202 
Wednesday 


ROBERT D. MORETON, M.D. 
Fort Worth, Texas 


Roentgen Diagnosis of Diseases 
of the Colon 


The conduct of double contrast examinations of 
the large intestine will be discussed with emphasis 
on results with different barium mixtures, prepara- 
tion of the patient, and technique of the examina- 
tion. Some of the poor results will be shown and an 
attempt made to analyze the causes. Lastly, the ad- 
vantages of double contrast examinations in both 
benign and malignant lesions involving the colon 
will be illustrated. 


COURSE 205 
Wednesday 


ROBERT E. WISE, M.D. 
Boston, Massachusetts 


Intravenous Cholangiography 


Intravenous cholangiography is now an accepted 
procedure and occupies a high position in the arma- 
mentarium of the radiologist concerned with prob- 
lems related to the biliary tract. Material presented 
in the course is drawn from five years’ experience 
with approximately 2,000 injections in patients be- 
fore and after cholecystectomy, the majority post- 
operative. While the procedure is not recommended 
as a replacement for oral cholecystography, in cer- 
tain instances it has been of value in these cases. 

Technique and interpretation will be considered in 
detail, with emphasis on normal and abnormal find- 
ings in the postcholecystectomy patient. Recent 
analysis of the entire series of cases has yielded in- 
teresting new data; pitfalls have been analyzed and 
will be presented in detail. 

Data related to the size and drainage of the com- 
mon bile duct, together with obstructive phenomena 
secondary to calculi, tumors, strictures, fibrosis of 
the sphincter of Oddi, pancreatitis and other allied 
conditions, have been analyzed for presentation. 
Findings in this group have been correlated with 
operative findings following cholangiography. 

The great value of the procedure lies in the ac- 
curacy with which organic biliary tract disease can 
be confirmed or excluded in the postcholecystectomy 
patient. This leads to surgical relief in the former, 
while being equally valuable in eliminating surgery 
in the latter. 
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COURSE 208 
and 
COURSE 308 


Wednesday and Thursday 


LEWIS E. ETTER, M.D. 
Pittsburgh, Pennsylvania 


Roentgen Anatomy of the Skull 


Course 208. Description of standard techniques 
and postions with illustrative slides for roentgen 
examination of the skull and paranasal sinuses. Com- 
parison of advantages of one projection over another 
with respect to visibility of particular structures. 
General considerations with reference to the cerebral 
and facial components of the cranium and various 
skull types. Analysis of individual bone components 
in producing the various lines and shadows seen in 
plain roentgenograms of the skull. This analysis will 
be applied to a study of the sphenoid, frontal, 
ethmoid, parietal and occipital bones in various pro- 
jections. 

Course 308. Detailed roentgen anatomic analysis 
of the paranasal sinuses and mastoids with descrip- 
tion of roentgenographic techniques employed. Study 
of the roentgen features of the middle cranial fossa 
and their relation to the sphenoid sinuses. Considera- 
tion of the orbits and optic foramina with special at- 
tention to the frontal, ethmoid and sphenoid bone 
components in various projections as well as the fea- 
tures contributed by the zygomatic bones. In conclu- 
sion, the maxillofacial components of the cranium 
will be examined, including the lacrimal canals and 
soft tissue delineation. 


COURSE 209 
and 
COURSE 309 


Wednesday and Thursday 


EMANUEL Jj. LEVIN, M.D. 
Brooklyn, New York 


Differential Diagnosis of Diseases 
of the Bones 


There are characteristic radiologic patterns pro- 
duced by diseases of the bones which permit a defi- 
nite and accurate diagnosis. The reactions in the soft 
tissues, periosteum and cartilage are often of greater 
differential value than the changes in bone. Further- 
more, many osseous diseases have peculiarities of 
destruction, production and localization which in 
themselves are of diagnostic significance. The de- 
tection and correct assessment of the varied roentgen 
patterns will permit an accurate diagnosis in a high 
percentage of cases. 

An analytic approach to the differential diagnosis 
of diseases of the bones will be presented with em- 
phasis placed on fundamental aspects. 

I. Explanation and description of terms 


y 


A. Soft tissue reactions 
B. Periosteal reactions 
C. Osseous reactions 
II. Tumors 
A. Benign 
B. Malignant 
III. Infections 
A. Acute 
B. Chronic 


COURSE 211 
Wednesday 


CHARLES M. NICE, JR., M.D. 
New Orleans, Louisiana 


Roentgen Manifestations of Collagen 
Diseases in the Chest 


A series of 109 patients with five collagen diseases 
admitted to the University of Minnesota Hospitals 
during the past fifteen years has been reviewed. 
Roentgenograms of the chest probably did not con- 
tribute to the diagnosis at any time in about one- 
third of the patients. In another one-third, one or 
two abnormalities appeared in the chest at some 
phase of the disease process, serving as confirmatory 
findings which could be considered of help in follow- 
ing the progress of the patient. Of special interest to 
the roentgenologist, however, is the final one-third of 
the patients in whom a combination or sequence of 
roentgen findings should actually lead one to suspect 
a collagen disorder. If there are clinical and labo- 
ratory findings suggesting the presence of a collagen 
disease, these roentgenographic changes will aid in 
the differentiation of the various types in about one- 
fifth of the patients. 

There are many roentgen findings in the chest 
which appear in various collagen disorders, most of 
which are nonspecific. A nonspecific type of cardiac 
enlargement, interstitial pneumonitis and_ pleural 
effusion are signs which may be seen in any of the 
collagen diseases either individually or in combina- 
tion. Combinations of these and other signs, such as 
hilar vascular enlargement, small nodules in the 
lungs, interstitial pulmonary fibrosis and other less 
commonly observed signs, may be of great help in 
actually diagnosing or following the progress of the 
condition or in evaluating the response to therapy. 


COURSE 301 
and 
COURSE 401 
Thursday and Friday 
JOHN A. CAMPBELL, M.D. 
Indianapolis, Indiana 
Roentgenology of the Upper Urinary Tract 


} The fundamental factors of procedure and inter- 
pretation which aid the roentgenologist in the classi- 
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fication and identification of abnormalities of the 
upper urinary tract will be presented. The different 
methods of investigation will be discussed with regard 
to their specific usefulness, limitations, and indica- 
tions. The possibilities of reducing the radiation dose 
to the gonads in younger patients without decreasing 
the diagnostic yield will be evaluated. 

The roentgen signs of various types of urinary 
tract disease will be analyzed from the standpoint of 
their technical dependence, specificity, and applica- 
tion to differential diagnosis. An attempt will be 
made to show with illustrative case material how 
concomitant pathologic processes may obscure and 
vary the roentgen appearance, or produce indis- 
tinguishable findings. 

The course will be given in two periods according 
to the following outline: 

Period I 

A. Techniques and methods of examination 

B. Normal variants 

C. Significant anomalies 

D. Obstructive lesions 
Period II 

A. Infections and urolithiasis 

B. Retroperitoneal mass lesions 

C. Trauma 

COURSE 302 
and 
COURSE 402 


Thursday and Friday 


RICHARD G. LESTER, M.D. 
Minneapolis, Minnesota 


Roentgen Diagnosis of Operable 
Cardiac Lesions 


Corrective surgery for most of the cardiac lesions 
of childhood has become a reality. In addition, pallia- 
tive procedures for a number of other congenital 
conditions, for rheumatic valvular heart disease of 
most types and for certain other acquired heart 
diseases have radically changed the prognosis for 
most patients with heart disease. As a result, the 
necessity for precise diagnosis has been brought into 
focus. In this course the place of roentgenology in 
the clinical examination of patients with heart di- 
sease will be outlined, with special emphasis on those 
conditions in which the possibility of correction or 
surgical amelioration exists. Interpretation in terms 
of pathologic anatomy and physiology will be 
stressed. 

Course 302 will review in detail the contribution of 
the conventional roentgen examinations to the 
diagnosis of these conditions. A method of analysis 
of the dynamic and anatomic features revealed by 
these techniques will be presented. Correlation of the 
roentgen findings with the data provided by other 
conventional forms of clinical examination will be 
stressed. 
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Course 402 will be a discussion of special roentgen 
procedures, including venous and selective angio- 
cardiography, aortography, cineroentgenography and 
retrograde left cardioangiography. Certain aspects 
of cardiac catheterization will also be reviewed. The 
indications for these special procedures will be dis- 
cussed in detail. Various forms of equipment will be 
compared. Techniques of examination will be re- 
viewed. The characteristic findings in various con- 
genital and acquired conditions will be demonstrated 
and a method of analysis will be defined. Correlation 
of the findings with the data obtained at surgery will 
be stressed. 


COURSE 303 
and 
COURSE 403 


Thursday and Friday 


HERBERT M. STAUFFER, M.D. 
Philadelphia, Pennsylvania 
JOHN KIRKPATRICK, M.D. 
Philadelphia, Pennsylvania 
GEORGE R. STRUCK 
Rochester, New York 


Image Intensification and Cinefluorography 


I. Fundamentals of Image Production in Cine- 
fluorography. 


A practical presentation by Mr. Struck of what 
happens to the roentgen image in the cinefluoro- 
graphic process using still- and cine-demonstrations. 
The basic optical and photographic factors involved 
will be discussed and illustrated. 


II. Image Intensification and Cinefluorography in 
Practice and Research. 


Experience with several types of image intensifiers 
will be described. Present applications, including 
use of closed-circuit television, in research and 
practice will be discussed and illustrated. Limitations 
of present devices will be considered. Since present 
instruments are particularly suited to pediatric 
practice, this aspect will receive special considera- 
tion. 


COURSE 304 
Thursday 


JUAN M. TAVERAS, M.D. 
New York, New York 


Anatomy of the Subarachnoid Cisterns in 
Relation to the Diagnosis of Tumors 
of the Posterior Fossa 


In this instructional course the anatomy of the 
cisterns of the posterior fossa will be described in as 
much detail as time permits and examples of patho- 
logic entities affecting the various cisterns will be 
presented. 


Instruction 
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COURSE 305 
and 
COURSE 405 


Thursday and Friday 


BENJAMIN FELSON, M.D. 
Cincinnati, Ohio 


Some Fundamentals in Chest 
Roentgen Interpretation 


Chest roentgen interpretation should not merely 
represent an attempt to correlate particular shadows 
with specific diseases, but should be approached with 
an understanding of the basic principles of anatomy, 
physiology, pathology, and radiology involved. Some 
of these principles will be considered and their prac- 
tical application illustrated. 

Among the subjects to be discussed are: 

Course 305. (1) A method of fluoroscopy; (2) the 
“silhouette” sign; and (3) the air bronchogram. 

Course 405. (1) Anatomic variations in the pul- 
monary fissures; (2) lobar collapse; (3) lobar enlarge- 
ment; and (4) the disrupted fissure. 


COURSE 307 
and 
COURSE 407 


Thursday and Friday 


RICHARD H. MARSHAK, M.D. 
New York, New York 


The Small Intestine 
Part I 
1. Technique—including a discussion of the vari- 
ous barium preparations 
Regional enteritis 
3. The malabsorption syndrome 
4. Problems in the interpretation of functional 
changes 
Part Il 
1. Infarction of the small bowel 
2. Tumors 


te 


3. Problems in diagnosis and the interpretation of 
minimal changes 
Intestinal obstruction 

5. Scleroderma, allergy and other miscellaneous 
disorders 


COURSE 310 
Thursday 


KENNETH E. HODGE, M.B. 
Toronto, Ontario, Canada 


Placental Localization—Including Piain 
Film Gravitational Methods and 
Pelvic Angiography 
The various methods used for placental localiza- 
tion are reviewed. Particular attention is paid to the 
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gravitational displacement technique, including de- 
tails of interpretation and a statement of its prac- 
tical value and accuracy in the diagnosis or exclusion 
of placenta previa. 

A simple technique of pelvic angiography with 
simultaneous bilateral filling of the pelvic vessels by 
percutaneous femoral puncture is described together 
with interpretation of the films and an assessment of 
the applications in placental localization and other 
pelvic conditions. 


COURSE 404 
Friday 
HAROLD G. JACOBSON, M.D. 
New York, New York 


The Vaterian Segment: Normal and Abnormal 


The roentgen anatomy of the normal vaterian 
structures i” vitro will be described utilizing cadaver 
material. The in vivo appearance of the normal 
vaterian papillae in the upper gastrointestinal tract 
examination will be illustrated and emphasized after 
a brief description of the various methods of the 
roentgen examination of the vaterian region. There 
will then follow the discussion of some of the im- 
portant disease entities involving the vaterian area. 
The section on abnormalities will be dealt with 
against the background of a classification of enlarge- 
ment of the papilla of Vater divided into two major 
categories: centric and eccentric enlargements. The 
centric enlargements will include those associated 
with common duct stone, acute and chronic relapsing 
pancreatitis, and carcinoma of the papilla and am- 
pulla of Vater. The eccentric enlargements will be 
demonstrated mainly by cases with peptic ulcer 
disease in the proximal duodenum. The differential 
diagnosis of the various disease states causing these 
enlargements will be emphasized and _ illustrated 
with the aid of an outline long in use for evaluating 
abnormalities of the vaterian segment. The roentgen 
findings in carcinoma of the head of the pancreas 
will also be briefly described, particularly as these 
changes relate to the vaterian segment. 


COURSE 406 
Friday 


FELIX G. FLEISCHNER, M.D. 
Boston, Massachusetts 


Pulmonary Embolism 


Pulmonary embolism is a disease frequently ob- 
served in a general hospital. Our knowledge of the 
pathogenesis, morphology, and clinical diagnosis, in- 
cluding the roentgen diagnosis, is of very recent date 
and by no means a closed chapter. With constant 
reference to the background of pathophysiology and 
morphology and to the clinical constellation, the 
roentgen diagnosis of pulmonary embolism with in- 
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farct formation, based on the work of Hampton and 
Castleman (Am. J. RoenTGENOL. & Rap. THERAPY, 
1940, 6, 305) will be thoroughly discussed and il 
lustrated. Furthermore, emphasis will be placed on 
the roentgen diagnosis of pulmonary embolism 
without infarct formation and on the understand- 
ing and recognition of the syndrome of acute cor 
pulmonale (Fleischner, Canad. M. A. F., 1958, 78, 
653). 


COURSE 408 
Friday 


FREDERIC N. SILVERMAN, M.D. 
Cincinnati, Ohio 


Roentgenologic Examination of the 
Genitourinary Tracts in Childhood 


Abnormalities of the genitourinary tracts in child- 
hood are commonly of importance because of ob- 
struction to urinary flow. Mass lesions, obstructive 
or not, are of immediate concern because of the fre- 
quency of genitourinary sites of origin for intra- 
abdominal neoplasms. In addition, congenital mal- 
formations, which are far from uncommon, may pre- 
sent as obstructive lesions and/or mass lesions. 
Remedial surgery has become increasingly available, 
and requires, in many instances, only the accurate 
delineation of the anatomic and functional disturb- 
ances. This can be provided by present day tech- 
niques of roentgenologic examination to a degree 
not obtained by other techniques of examination. 

This course will review, with the aid of slides, ob- 
struction, mass and congenital lesions of the geni- 
tourinary apparatus of practical importance. Tech- 
niques will be discussed only insofar as special varia- 
tions are required to demonstrate special conditions; 
a knowledge of standard techniques in normal anat- 
omy will be assumed. 

Pertinent information of recent origin will be in- 
cluded wherever possible. 


COURSE 409 
Friday 


HARRY Z. MELLINS, M.D. 
Brooklyn, New York 


Nonobstructive Acute Abdominal Disorders 


An analytic approach to the roentgenographic 
diagnosis of the nonobstructive acute abdominal dis- 
orders will be presented. Emphasis will be placed 
upon the plain film findings. The importance of 
serial or follow-up examinations will be stressed. The 
course will include inflammatory conditions, trauma, 
toxic conditions and vascular disorders. 
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COURSE 410 
Friday 
SIDNEY P. TRAUB, M.D. 
Saskatoon, Saskatchewan, Canada 

Myelography—Technique and Interpretation 

This course is designed to cover the practical as- 
pects of myelography, of importance to the roent- 
genologist. The following outline will be followed: 

1. Brief historical review 

2. Indications for myelography 

3. Technique; media 

4. Roentgen anatomy and anatomic variations 

5. Errors and pitfalls in myelographic interpreta- 

tion 

6. Intervertebral disk protrusions 

a. Value of chest and spine roentgenograms 

b. Cervical disk protrusions 

c. Thoracic disk protrusions 

d. Lumbar disk protrusions 
. Postoperative myelogram 
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DESCRIPTION OF THERAPY 
COURSES 


COURSE 121 
Tuesday 
MARILYN STOVALL, B.S. 
Houston, Texas 
ROBERT J. SHALEK, Ph.D. 
Houston, Texas 


Part I: The Calculation of Dosage in Radium 
Implants from Roentgenograms 


The several complementary methods of dose cal- 
culation in radium implants utilizing roentgeno- 
grams that are employed in this institution will be 
discussed, with examples. These methods include 
the perpendicular roentgenographic technique, the 
perpendicular section technique, and a_ simple, 
three-dimensional reconstruction method. In addi- 
tion, patterns of dose distribution around typical 
implants will be shown with emphasis on meaning 
of the dose estimate derived from Paterson-Parker 
tables. Variations from Paterson-Parker rules will be 
discussed to a limited degree. 


COURSE 122 
Tuesday 


L. D. MARINELLI, Ph.D. 
Lemont, Illinois 


Radiation Hazards to the Skeleton* 
The evidence concerning radiation damage to the 


* Work performed under the auspices of the United States 
Atomic Energy Commission. 


Instruction 
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skeleton will be reviewed briefly and consideration 
will be given to the general problem of radiation 
dosimetry by internal emitters as they apply to 
bone-seeking elements. As a practical aspect of this 
problem, calculations will be made on the dose ac- 
cruing to the skeleton through natural radioactivity, 
administration of and contrast media. 
Implications of these calculations to the problem of 
elucidating the effects of prolonged low levels of 
radiation to the human skeleton will be presented. 


COURSE 123 
Tuesday 


DONN G. MOSSER, M.D. 
Minneapolis, Minnesota 


Through Twentieth Century Europe 
with Roentgen and Leica 


Visits to European radiotherapeutic centers have 
become a popular and valuable experience for radi- 
ologists. Potential radiologic itinerants have fre- 
quently solicited advice prior to such travels. 

This course is designed to fulfill the needs for in- 
formation of those who are planning trips to Europe 
and those interested in hearing one point of view on 
European radiation therapy. It is based on the ex- 
perience of the instructor, his wife, and their three 
grade school age children during thirteen months in 
1954 and 1955 on an American Cancer Society 
Fellowship in numerous clinics in Great Britain, 
Scandinavia, France, Germany and Switzerland. 

Kodachrome slides will be used to illustrate sug- 
gestions as to whom to see, when to go, how to get 
what you want, and how to cope with some of the 
problems associated with a medical odyssey of this 
type. 

Particular attention will be given to the Man- 
chester radium techniques, the McWhirter tech- 
nique for breast carcinoma, the Stockholm tech- 
niques for gynecologic lesions, and other European 
radiation therapy procedures that are likely to be of 
interest. 

Moving field therapeutic applications in various 
clinics will be illustrated. Details of dose planning 
techniques in various clinics will be described. Dif- 
ferences between various European and American 
approaches will be discussed. 


COURSE 124 
and 
COURSE 224 


Tuesday and Wednesday 


PHILIP RUBIN, M.D. 
Rochester, New York 
GEORGE CASARETT, Ph.D. 
Rochester, New York 
LAWRENCE TUTTLE, Ph.D. 
Rochester, New York 


The Organization of a Course in Radiobiology 
for the Resident Physician 


The refresher will be designed to help those radi- 
ologists who wish to introduce or organize such a 
course for their residents. The following general fea- 
tures will be stressed: 


1. A list of 36 lectures 

2. An outline of each lecture by subtopics covered 

3. A reference list for reading under each lecture 

4. A brief presentation of four key and/or typical 
lectures 

5. Laboratory exercises and demonstrations 


From the rad to cell death—a series of 
physiochemical changes 
Radiopathologic changes in different 
tissues—an understanding of response 
and recovery in histologic material 
Implications in clinical radiotherapy 
an integration of scientific concepts 
and clinical experience 

Lecture 4: Total body effects—a laboratory dem- 
onstration and exercise 


Lecture I: 


Lecture 2: 


Lecture 3: 


Each lecture will require about 45 minutes and is 
intended as much for method as for content. The 
laboratory demonstration will be on motion picture 
film. 


COURSE 125 
Tuesday 


CHARLES L. MARTIN, M.D. 
Dallas, Texas 


The Treatment of Cancer of the Head 
and Neck with Irradiation 


This course will deal with the treatment of cancer 
of the face, nose, eye, ear, lip, intraoral cavity and 
oropharynx and of the metastatic cervical lymph 
nodes with irradiation alone. The techniques which 
will be considered utilize roentgen rays generated 
at 85 and 220 kv., and implanted low intensity ra- 
dium needles. Many lantern slides will be shown, 
illustrating the results obtained in individual pa- 
tients. Statistical compilations will also be given. 
Emphasis will be placed on the results obtained in 
cancer of the floor of the mouth, gums and meta- 
static cervical lymph nodes. 
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COURSE 126 
Tuesday 


JOHN P. STORAASLI, M.D. 
Cleveland, Ohio 


Radioactive Isotopes—Therapeutic 
Application 


A review will be made of the more important 
therapeutic applications of radioisotopes. Included 
will be a discussion of the rationale of therapy and a 
comparison of other methods of treatment. The 
isotopes to be covered in detail will be radioactive 
phosphorus in the treatment of polycythemia, leu- 
kemia, and metastatic breast carcinoma in bone; 
radioactive iodine for diseases of the thyroid gland 
and euthyroid cardiacs; radioactive colloidal gold 
for malignant serous effusions; and_ radioactive 
strontium for beta ray therapy of ocular lesions. 


COURSE 221 
Wednesday 


GORDON C. JOHNSON, M.D. 
Houston, Texas 


Part II: Practical Application of Radium 
Implants to the Oral Cavity 


A discussion of the practical application of radium 
implants to the oral cavity will include consideration 
of anatomic limitations; discussion of Paterson- 
Parker implants, their weak points, and deviations 
required to achieve adequate margins for common 
tumor extensions; localization diagrams; and cal- 
culations for specific examples of the above. 


COURSE 222 
Wednesday 


VERA PETERS, M.D. 
Toronto, Ontario, Canada 


The Management of Hodgkin’s Disease 
with Particular Reference to 
Radiotherapy 


The course will present an outline of the treatment 
of Hodgkin’s disease by irradiation according to the 
stage and the site of involvement. It will specifically 
include case histories and previous treatments of a 
few cases which have survived twenty to thirty 
years. 


COURSE 223 
Wednesday 


J. ROBERT ANDREWS, M.D., D.Sc. (Med.) 
Bethesda, Maryland 


Modification of the Radiation Response 
It would appear that the technology of the radia- 
tion therapy, per se, of human cancer by electro- 
magnetic ionizing radiations has been fully exploited. 
If this is the case then the only possibility of in- 
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creasing the effectiveness of radiation therapy is by 
the introduction in the case of electromagnetic 
ionizing radiations, of some modifying chemical, 
pharmacologic, or biologic agent or by the introduc- 
tion of other types of ionizing radiations. These 
problems of cancer radiation therapy relate also to 
the more general and growing problems of radiation 
medicine. Aspects of the problem involved in at- 
tempting to modify the radiation response and as- 
pects of current research in this field will be con- 
sidered. 


COURSE 225 
Wednesday 


E. DALE TROUT 
Milwaukee, Wisconsin 


Variables Associated With Half-Value 
Layer Determinations 


Half-value layer determinations are widely em- 
ployed in describing the radiation used in diagnostic 
and therapeutic radiologic procedures. Some recent 
work in our laboratory indicates that a half-value 
layer determination is subject to variables not 
generally taken into consideration. 

An attempt has been made to explore the variables 
that may be involved and their effect on the result. 


COURSE 321 
Thursday 


GILBERT H. FLETCHER, M.D. 
Houston, Texas 


Part III: Radiation Management of Oral 
Cavity Squamous Cell Carcinomas 


The policies and techniques of treatment for the 
squamous cell carcinomas of the mobile portion of 
the tongue, the floor of the mouth, the buccal 
mucosa, and the lower and upper gums will be re- 
viewed from both the surgical and radiotherapeutic 
standpoint. Results obtained with the methods de- 
scribed will be analyzed with emphasis on the sites 
and causes of failures. Areas of weakness in treat- 
ment methods and possible ways of improving them 
will be discussed. 


COURSE 322 
and 
COURSE 422 


Thursday and Friday 
FERNANDO G. BLOEDORN, M.D. 
Baltimore, Maryland 
CARLO A. CUCCIA, M.D. 
Baltimore, Maryland 


The Use of Interstitial Radium Therapy 
in the Treatment of Cancer 


In this course the modern usage of interstitial 
gamma therapy (especially with radium) is discussed. 


Instruction 


The indications, advantages, and disadvantages of 
interstitial radium therapy are stated, and the dif- 
ferent techniques of performance of the dosimetry 
and its use in combination with external irradiation 
are explained. Many examples (including a movie of 
an implant) will be shown. 
The Program: 
Part I: 1. Generalities and principles 
2. Advantages and disadvantages of in- 
terstitial therapy 
Different types of implants—examples 
4. Dosimetry 
5. Indications 
6. Questions and answers 
Part II: 1. Complex patterns: indications, tech- 
nique, examples 
2. Combination therapy, interstitial and 
external therapy: indications, tech- 
nique, examples 
3. Movie 
4. Questions and answers 


COURSE 323 
Thursday 


MARVIN GOLDBERG, M.D. 
Minneapolis, Minnesota 
MERLE K. LOKEN, Ph.D. 
Minneapolis, Minnesota 
JUSTIN WILLIAMS, M.D. 
Minneapolis, Minnesota 


Rotational Cobalt Teletherapy 


At the University of Minnesota Hospitals a Co 
source of 1 cm. diameter is used in a rotational tele- 
therapy unit. This course will be devoted to a con- 
sideration of: 


1. Treatment planning, including methods of film 
localization of lesions 

2. Plotting of isodose curves 

3. Treatment techniques, including a considera- 
tion of dosage, field size, partial rotation, etc. 


COURSE 324 
Thursday 


SIMON KRAMER, M.D. 
Philadelphia, Pennsylvania 


Radiation Therapy in Intracranial Neoplasms 


This course will examine the value of radiation 
therapy in the managementof intracranial neoplasms. 
Three groups of tumors will be discussed; the glio- 
mata, the pituitary and parapituitary tumors, and 
the metastatic lesions. 

Radiotherapeutic techniques will be described for 
each group of tumors with special reference to super- 
voltage and rotational therapy. Current concepts of 
tolerance levels of brain tissue to irradiation will be 
examined in relation to dose levels suggested for the 
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treatment of the relatively radioresistant astrocytic 
gliomata. The causes of failure of radiation therapy 
in this group of diseases will be discussed. An indica- 
tion will be given of the results to be expected in the 
various groups. 


COURSE 325 
Thursday 


WALTER T. MURPHY, M.D. 
Buffalo, New York 


Roentgen Therapy of Skin Cancer 


The clinical results of various techniques currently 
used at the Roswell Park Memorial Institute for 
small and large lesions involving various anatomic 
sites, with and without invasion of cartilage and bone 
will be reviewed. The discussion will accent (1) the 
advantages of small increment fractionation as com- 
pared to the so-called ‘“‘massive-dose’”’ technique, (2) 
the proper selection of radiation quality (half-value 
layer 0.06 mm. Al, 30 kv. peak up to half-value 
layer 0.g mm. Cu, 200 kv. peak) and the indications 
for combining different radiation qualities, (3) the 
influence of the cancer site upon the selection of field 
size, (4) the care of the patient during and following 
irradiation, and (5) the factors influencing complica- 
tions and sequelae. 


COURSE 326 
Thursday 


EUGENE L. SAENGER, M.D. 
Cincinnati, Ohio 


Diagnostic Uses of Radioisotopes 


This course will present a discussion of the com- 
mon tests using radioisotopes which can be carried 
out with a scintillation probe and a scintillation well 
counter as the basic instrumentation. These tests 
can be done in a small hospital or private office with 
accuracy. 

The topics to be included are as follows: 


I. Standardization of instruments—How to be 
certain of reliable results 
II. Standardization of clinical material—Why 
one should use his own normal patients in- 
stead of values from the literature 
III. I! and the thyroid 
A. Thyroid function tests 
1. Uptake 
2. PBI*' conversion ratio 
3. TSH test, tri-iodothyronine test and 
others 
B. Cretinism and hypothyroidism 
C. The scanogram 
IV. Hematologic tests 
A. Iodinated albumin as a plasma tag 
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B. Cre 
1. Red cell mass 
2. Red cell life span 
3. Sequestration 
C. Fe* 
1. Iron turnover 
2. Iron utilization 


V. Vitamin By (Co®)—Pernicious anemia 
VI. I" labeled fats and fatty acids 


COURSE 421 
Friday 
GIULIO J. D’ANGIO, M.D. 
Boston, Massachusetts 


Radiation Therapy in the Management of 
Neoplasms of Infancy and Childhood 


1. Review of patients (by diagnosis) seen in the 
Children’s Medical Center X-ray Therapy De- 
partment 
Discussion of the peculiarities of childhood tu- 
mors 
3. Treatment programs for most common neo- 
plasms of this age group. A brief general survey 
of apparatus and techniques will be included 
4. The role of antitumor chemotherapeutic agents 
a. Present 
b. A look to the future 
5. Late effects of radiation in infants and children 
6. Survival rates 


COURSE 423 
Friday 
JOHN BOLAND, M.D. 
New York, New York 


Megavoltage Therapy Technique 


This course will cover external beam directed 
therapy using energy ranges from cobalt 60 upward 
to 20 mev., and will include rotational therapy tech- 
niques. This will be based largely on experience at 
the Christie Hospital in Manchester, England. In- 
cluded in the course will be modification of field 
arrangements, the utilization of irregular field 
shapes, and appropriate alterati:ins of beam direc- 
tion shells for unusual therapeutic situations. The 
discarding of wax seatings and »blique incidence 
calculations will also be discussed 


COURSE 424 
Friday 


NORAH duV. TAPLEY, M.D. 
New York, New York 


The Treatment of Retinoblastoma 


The course will consit of the following: A general 
discussion of retinoblastoma, including age, inci- 
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dence, hereditary factors, pathology, and methods 
of therapy and a review of the literature; a descrip- 
tion and depiction of our technique; and a discussion 
of our results with and without chemotherapy. 

The material is that seen at the Columbia-Presby- 
terian Medical Center. 


COURSE 425 
Friday 


HAROLD E. JOHNS, Ph.D. 
Toronto, Ontario, Canada 


Dosimetry Problems in Radiotherapy 


This course of instruction will include a discussion 
of the methods for calculating absorbed dose from 
exposure dose for radiations used in radiotherapy. 
Particular reference will be made to cobalt and 
cesium radiations. In addition, a brief discussion of 
dosimetry for moving field therapy will be given. 
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Methods for correcting the dosimetry for body inho. 
mogeneities will be included in the discussion. 


COURSE 426 
Friday 


JUAN A. DEL REGATO, M.D. 
Colorado Springs, Colorado 


Radiobiology for Physicians 


In the numerous aspects of radiobiologic research 
in many directions in which it is justifiable to in- 
vestigate, the physician finds himself often at a loss 
to seek the basic radiophysiologic information that 
is important to a clinical practice of radiation 
therapy. This course will attempt to present a sum- 
mary of the important facts of radiobiology in 
clinical practice. 
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CONDENSED SCHEDULE OF COURSES 


TUESDAY 


3:00 to 4:30 P.M. 


September 22, 1959 


Diagnostic Roentgenology 


Therapeutic Radiology, Nuclear Medicine, 
Physics and Radiobiology 


101—Caffey 
102—Shapiro 


103—Hope 


104—Bachman 


105—Borman 


106—Hodes 
Epstein 


107—Miller 
108— Jacobson 


109—Weens 
Gay 


110—MacMillan 


| Achondroplasia and Other 
| Diseases of Cartilaginous 
| Growth 


| Metabolic Bone Diseases 

| 

| 

| Roentgen Facts and Fallacies 
| Regarding the Normal and 
Abnormal Chest in 


and Children 


Infants 


Roentgenographic Diagnosis 
of the Larynx and Pharynx 


Bronchopulmonary Segmen- 
tal Anatomy and Bronchog- 
raphy 


| Roentgen Manifestations of 
| Intracranial Hemorrhage 


Examination of 
the Stomach and Small 
Bowel 

Examination of the Heart 


by Conventional Roentgen- 
ology 


The Roentgenology of the 
Pulmonary Circulation in 


| Health and Disease 


| Sinuses 


121—Stovall 
Shalek 


122—Marinelli 


123—Mosser 


124—Rubin 
Casarett 
Tuttle 


125—Martin 


126—Storaasli 


Part I: The Calculation of 
Dosage in Radium Implants 


| from Roentgenograms 


| Radiation 


Hazards to the 


| Skeleton 


Through Twentieth Century 
Europe With Roentgen and 
Leica 


| The Organization of a Course 
| in Radiobiology for the 
Resident Physician 


The Treatment of Cancer of 


the Head and Neck with 
Irradiation 
| Radioactive Isotopes—Ther- 


| apeutic Application 
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SECTION ON INSTRUCTION 
ORDER SHEET 


It is important to register for the Instruction Courses as early as possible since the number admitted to 
each course will be limited. Jt is also very important that first, second and third choices be listed for each period. 
All orders for tickets will be filled according to the postmark on the envelopes. 

Non-members of the American Roentgen Ray Society, except full-time graduate students in Radiology, 
will pay $2.00 for each course-period or a maximum of $8.00 for 4 courses. Non-members’ fees must accompany 
this order sheet and will not be returned unless cancellation is received before September 12, 1959. 

Tickets for courses will be mailed to each registrant whose order reaches the office of the Director on or 
before September 12, 1959. They will be sent to the address below unless registrant directs otherwise. 

Please fill out the following (type or print): [) Member 


Check, [] Guest 


lo Graduate Student 
in Radiology at: 


Those whose advance registration reaches the office of the Director after September 12, 1959, may obtain 
their tickets at the Registration Desk of the Section on Instruction on Monday afternoon, September 21, 
1959 and thereafter. At this time tickets may also be obtained for courses not sold out. 


Last Name First Name or Initials 

| Street Address 
| City Zone State 


For convenience in selecting your courses consult the condensed schedule of courses. 


BE SURE TO FILL OUT SECOND AND THIRD CHOICES FOR EACH PERIOD 


First Choice | Second Choice Third Choice 


Course Coarse | 
r | 


Period 


Tuesday 
Wednesday 


Thursday 


Friday 


Previous to September 12, 1959, send this order sheet to: 

DR. HAROLD O. PETERSON, 1995 WEST COUNTY ROAD "B," ST. PAUL 13, MINNESOTA. 
After September 12, 1959, mail to: 

DR. HAROLD O. PETERSON, American Roentgen Ray Society, Netherland Hilton Hotel, 
Cincinnati, Ohio. 


| 
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Section on Instruction 


CONDENSED SCHEDULE OF COURSES 


WEDNESDAY 


3:00 to 4:30 P.M. 


September 23, 1959 


Diagnostic Roentgenology 


Therapeutic Radiology, Nuclear Medicine, 
Physics and Radiobiology 


201—Tuddenham 


202—Moreton 


203—Hope 


204—Bachman 
205—Wise 
206—Hodes 
Epstein 
207—Miller 
208—Etter 


209—Levin 


210—MacMillan 


211—Nice 


New 


Concepts Radio- 
graphic and Interpretative 
Techniques 


Roentgen Diagnosis of Dis- 
eases of the Colon 


Roentgen Facts and Fallacies 
Regarding the Normal and 
Abnormal Genitourinary 
Tract of Infants and Chil- 
dren 


Roentgenographic Diagnosis 
of the Larynx and Pharnyx 
Intravenous Cholangiogra- 
phy 


Roentgen Manifestations of 
Intracranial Hemorrhage 


Roentgen Examination of 
the Stomach and Small 
Bowel 

Roentgen Anatomy of the 


Skull 


Differential 
Diseases of the Bones 


Diagnosis of 


Mastoids, Lateral Neck and 
Larynx 


Roentgen Manifestations of 


| Collagen Diseases in ‘the 


| Chest 


221— Johnson 


222—Peters 


223—Andrews 


224—Rubin 
Casarett 
Tuttle 


225—Trout 


Part II: Practical Applica- 
tion of Radium Implants to 
the Oral Cavity 


The Management of Hodg- 


| kin’s Disease with Particular 


Reference to Radiotherapy 


Modification of the Radia- 
tion Response 


The Organization of a Course 


in Radiobiology for the 
Resident Physician 
Variables Associated with 


Half-Value Layer Determi- 
nations 
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CONDENSED SCHEDULE OF COURSES 


THURSDAY 3:00 to 4:30 P.M. September 24, 1959 


Therapeutic Radiology, Nuclear Medicine, 


Diagnostic Roentgenology Physics and Radiobiology 


| | . . 
301—Campbell | Roentgenology of the Upper |321—Fletcher | Part IIT: Radiation Manage- 

| Urinary Tract ment of Oral Cavity Squam- 
ous Cell Carcinomas 


302—Lester 


| Roentgen Diagnosis of Oper- 


able Cardiac Lesions 
303—Stauffer Image Intensification and 
Kirkpatrick Cinefluorography 
Struck 322—Bloedorn The Use of Interstitial Rad- 
Cuccia ium Therapy in the Treat- 
304—Taveras Anatomy of the Subarach- ment of Cancer 
noid Cisterns in Relation to — 
the Diagnosis of Tumors of |323—Goldberg Rotational Cobalt  Tele- 
the Posterior Fossa Loken therapy 
Williams 
305—Felson Some Fundamentals in Chest “oe 
Roentgen Interpretation 324—Kramer | Radiation Therapy in Intra- 
| cranial Neoplasms 
306—Hodes Roentgen Manifestations of | 


Epstein Intracranial Hemorrhage 


307—Marshak | The Small Intestine 


308—Etter | Roentgen Anatomy of the - 


| Skull 325—Murphy Roentgen Therapy of Skin 
Cancer 
309—Levin | Differential Diagnosis of | 
| Diseases of the Bones — 
—— —_——— 326—Saenger Diagnostic Uses of Radio- 
310—Hodge Placental Localization—In- | isotopes 


cluding Plain Film Gravita- 
| tional Methods and Pelvic 
| Angiography 


~ 
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CONDENSED SCHEDULE OF COURSES 
) FRIDAY 1:30 to 3:00 P.M. September 25, 1959 
Therapeutic Radiology, Nuclear Medicine, 
Diagnostic Roentgenology Physics and Radiobiology 

401—Campbell Roentgenology of the Upper |421—D’Angio Radiation Therapy in the 

Urinary Tract Management of Neoplasms 
— of Infancy and Childhood 

402—Lester Roentgen Diagnosis of Oper- 

able Cardiac Lesions 
= 422—Bloedorn The Use of Interstitial Rad- 
403—Stauffer Image Intensification and Cuccia ium Therapy in the Treat- 
Kirkpatrick Cinefluorography ment of Cancer 
Struck 

404— Jacobson The Vaterian Segment: 
Normal and Abnormal 423—Boland Megavoltage Therapy Tech- 

nique 

405—Felson Some Fundamentals in Chest 
Roentgen Interpretation 

406—Fleischner Pulmonary Embolism 424—Tapley The Treatment of Retino- 

blastoma 

407—Marshak The Small Intestine 

408—Silverman Roentgenologic Examination 
of the Genitourinary Tracts |425—Johns Dosimetry Problems in 
in Childhood Radiotherapy 

409—Mellins Nonobstructive Acute Ab- 
dominal Disorders 

410—Traub Myelography —Technique 426—-del Regato Radiobiology for Physicians 
and Interpretation 
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NATIONAL COMMITTEE ON RADIATION PRO- 
TECTION AND MEASUREMENTS (NCRP) 


SUMMARY OF NBS HANDBOOK 69 


MAXIMUM PERMISSIBLE AMOUNTS OF RADIOISOTOPES IN THE 
HUMAN BODY AND MAXIMUM PERMISSIBLE 
CONCENTRATIONS IN AIR AND WATER 
A STATEMENT BY THE NATIONAL COMMITTEE ON 
RADIATION PROTECTION AND MEASUREMENTS 


HE National Committee on Radia- 

tion Protection and Measurements 
(NCRP) has completed the revision of its 
1953 recommendations concerning the max- 
imum internal permissible exposure of the 
human body to radiosotopes. Now in press 
as Handbook 69, ‘““Maximum Permissible 
Amounts of Radioisotopes in the Human 
Body and Maximum Permissible Concen- 
trations in Air and Water,’”! these recom- 
mendations are being summarized in ad- 
vance of publication because of widespread 
public interest in this subject. 

The 1953 recommendations were for oc- 
cupational exposure, 24 hours per day, con- 
tinuously for seventy years. The study was 
prepared by the Subcommittee on Permis- 
sible Internal Dose. It was directed by Dr. 
Karl Z. Morgan of Oak Ridge National 
Laboratory, took some 5 years to complete 
and included nearly 75 radioisotopes. 

The study has continued under Dr. Mor- 
gan’s leadership at an accelerated pace 

1 National Bureau of Standards Handbook 69, “Maximum Per 
missible Amounts of Radioisotopes in the Human Body and Maxi- 
mum Permissible Concentrations in Air and Water,” expected to 


be available from the Superintendent of Documents, U. S. Govern- 
ment Printing Office, Washington 25, D. C., in about two months. 
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| Body Burd 


microcuries 
Element and Organ 
1953 1959 
bone 0.1 O.1 
P®? bone 10 6 
thyroid 0.3 0.7 
bone I 2 
Cs!57 muscle go 50 
whole body — | 30 
H’ whole body 10,000 I ,000 


since 1953 with the added cooperation of 
the International Commission on Radio- 
logical Protection (ICRP). The present re- 
port includes maximum permissible con- 
centrations (MPC) and body burdens for 
some 240 radioisotopes and includes many 
refinements based on knowledge not avail- 
able in 1953. The study has included the 
evaluation of nearly 2,000 separate re- 
searches reported in the literature, having 
bearing on the permissible dose problem. 
The new values reflect, where applicable, 
the lowering of the basic maximum permis- 
sible dose (MPD) recommended by the 
NCRP in 1957 and 1958. As a result of all 
of these considerations, some values have 
been increased, some decreased, and others 
remain essentially the same. In addition, 
the calculations have been changed from 
7O years continuous occupational exposure 
to $0 years continuous occupational expo- 
sure—this latter being a more realistic fig- 
ure for radiation workers. 

The following table gives a few selected 
samples of the body burden and maximum 
permissible concentrations comparing the 
1953 and 19S9 reports. 


MPC (water) | 
microcuries per cc. 


MPC (air) 
microcuries per cc. 


1953 | 1959 1953 1959 
4X10 8 10! 8X10 
2X10-4 
8xX1077 1o 10 10 
4X108 

2X10 
0.2 2X10 5X10 


0.03 
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The table is for continuous occupational 
exposure. Where a worker is exposed for 
only 40 hrs./wk., the MPC’s are, in gen- 
eral, about 3 times higher. 


BACKGROUND INFORMATION 


In 1934 the International Commission on 
Radiological Protection recommended for 
the first time what is now called a maxi- 
mum permissible dose for occupational ex- 
posure to x-rays and gamma-rays, originat- 
ing in sources external to the body. In 1936 
the NCRP proposed levels slightly lower 
than those of the ICRP. The basic NCRP 
value of 0.1 r per day was employed in this 
country until 1948. This was derived in 
part from information based on an observ- 
able effect of x-rays on the skin. It was also 
based on radiation levels measured in 
areas where persons had worked for exten- 
sive periods and had suffered no observable 
ill effects. 

Important information on the effects of 
radiation from radium deposited in the 
body was developed from the unfortunate 
experience in the radium dial painting in- 
dustry. Here it was possible to make a di- 
rect clinical study of a large number of vic- 
tims, some of whom have died and many 
others of whom are still living. The early 
studies, supported by more recent ones, 
have shown that while all such radium de- 
posits in the body may have caused some 
degree of effect, there appeared to be a 
quantity below which the individual was 
unaware of its existence. It could be de- 
tected only by the most careful clinical 
procedures, and was therefore described in 
the early days as “tolerable.” In 1941 it 
was agreed that a total body burden of 
radium (mainly deposited in the skeleton) 
of I microcurie was tolerable, but to be on 
the safe side, a value of 0.1 microcurie was 
recommended for radiation workers. A 
vast amount of subsequent experience in 
the study of individuals exposed to radium 
has shown that the value of 1 microcurie 
may have been marginal but that the low- 
er value of 0.1 microcurie in the body pro- 
duces detectable damage only in the rarest 
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of instances. This knowledge now forms 
one of our most important bases for estab- 
lishing the permissible body burden for 
other radioisotopes that deposit  prin- 
cipally in the bone. 

Other radioisotopes may deposit and 
concentrate in certain body organs, or may 
spread throughout the whole body. In each 
case the radioisotope moves about or is de- 
posited in the body in essentially the same 
manner as its nonradioactive isotopes, ¢.g., 
radio-sodium behaves in this respect like 
ordinary sodium as in salt. Also, many 
radioisotopes move about in a manner 
often somewhat the same as chemically re- 
lated but different isotopes, e.g., radio- 
strontium and ordinary calcium. Metabo- 
lism and other biochemical considerations 
often cause important deviations from such 
behavior. 

Our knowledge of these metabolic proc- 
esses is far from complete. However, for 
many chemicals, the extent to which they 
concentrate in the various body organs has 
been determined by direct experiment. 
Krom such data the distribution of other 
chemically-similar compounds . . . radio- 
active or not...can be determined ap- 
proximately. Such experiments also give us 
considerable information as to how the 
chemicals pass through the body and are 
eliminated by normal processes, as well as 
the rates at which this occurs. It is there- 
fore possible to determine directly in a few 
instances, and calculate in others, how 
much radiation dose is delivered to the 
whole body or individual body organs by 
these radioactive materials, either de- 
posited or merely passing through. 

For very short-lived radioisotopes, the 
body burden builds up to the maximum 
permissible level quickly and will only re- 
main at this level if the exposure is prac- 
tically continuous. For long-lived radio- 
isotopes and particularly those that tend 
to concentrate and remain in certain parts 
of the body, intake would have to be con- 
tinued at the maximum permissible level 
over a long period of time before reaching 
the maximum permissible body burden. 
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However, a single intake may produce the 
maximum permissible level and then this 
level will be maintained for a long time. In 
any case, the body burden is the determin- 
ing factor in setting the maximum permis- 
sible dose for radiation workers. 

The problem of protection against radia- 
tion injury caused by radiation from ex- 
ternal sources is relatively simple. You 
either shield yourself or stay away from 
the source. As soon as you remove yourself 
or the source, the exposure ceases. 

Once radioactive material is inside the 
body, in general the exposure is reduced 
only by normal processes of body elimina- 
tion, and normal decay of the radioactive 
material. 

The problem, then, is to prevent the ma- 
terial from entering the body in dangerous 
amounts in the first place. At present this 
can best be accomplished by limiting the 
concentration of radioactive material in 
the air we breathe, the water we drink, or 
the food we eat, to such levels that the 
body burden will not build up to or beyond 
what is considered to be permissible. The 
determination of these concentrations in- 
volves a large number of very complicated 
factors, about some of which much is 
known, and about others of which much 
remains to be learned. It involves critical 
judgement on many factors where there is 
a range of choice. Wherever a choice must 
be made, it is invariably made in the con- 
servative direction—that is, in the direc- 
tion of lower concentrations. Sometimes 
there is uncertainty concerning the distri- 
bution of the radioactive material in the 
body. This is especially so with respect to 
the distribution within a body organ, but 
in most situations we have our best knowl- 
edge on the radiation dose delivered once 
a given body distribution 1s assumed or ac- 
tually determined. Our biggest uncertain- 
ties are in establishing the MPC’s that will 
prevent the body burden from exceeding 
the permissible amount. It is in this stage 
that the greatest conservatism is exercised. 
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PROTECTION OF PERSONS OUTSIDE 
OF CONTROLLED AREAS 

Where radioactive material may escape 
from the controlled area and expose the 
neighboring public, the NCRP  recom- 
mended in 1955 that the levels be 1/10 
those for occupational exposure. This 
recommendation continues. It must be em- 
phasized, however, that the factor of 1/10 
is for the primary purposes of controlling 
the radioactive materials discharged from 
an operation involving the use of such ma- 
terials. The committee believes that ex- 
posure at the recommended occupational 
levels will cause observable radiation ef- 
fects in an exceedingly small percentage, if 
any, of the radiation workers. Radiation 
effects to outsiders will be an even smaller 
percentage. The lower values recommended 
for persons exposed in the neighborhood of 
plant operations are given to assist in pro- 
tection design for radiation installations. 

For lack of better information, the lower 
values have also been employed as guides 
for radiation situations not connected with 
controlled operations. They are, however, 
guides that may be specifically applied in 
such situations. Properly used, they apply 
to only a small percentage of the popula- 
tion (2 or 3 per cent at most). 


WHOLE POPULATION EXPOSURE 
Exposure of the whole population to 
natural and man-made sources of radiation 
presents a different problem and involves 
many factors beyond technical control. The 
NCRP reports, thus far, contain recom- 
mendations only on matters that are sub- 
ject to control. The recommended values 
for MPD’s and MPC’s apply specifically 
only to occupational conditions and condi- 
tions in the neighborhood of controlled 
areas which are attributable to operations 
within the controlled area. Until more spe- 
cific information is available, it is believed 
that with the exercise of some judgement 
similar principles may be applied as guides 
in application to problems involving ex- 
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posure of the whole population to radia- 
tion. 

The ICRP has made some tentative 
recommendations relative to whole popu- 
lation exposure. These are designed for 
long-range planning purposes and in this 
connection the NCRP considers them to 
be sound. They are not, however, subject 
to direct control in the immediate future. 
In the meantime the NCRP considers that 
undue risks to the population will not be 
incurred by following current policies for a 
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while longer, during which time it is hoped 
that methods may be established for a 
meaningful analysis and control of popula- 
tion exposure. When we can measure more 
accurately the body burdens of radioiso- 
topes in the various body organs, we will 
have advanced further towards a practical 
solution of the problem. Recent develop- 
ments in the analyses of body wastes and 
in the use of devices for determining the 
specific location of radioactive material in 
the body have been encouraging. 
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BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return 


for the courtesy of the sa Selections wade be made for review in the interest ve our readers 


as Space permits. 


VASCULAR SurGERY. By Geza de Takats, M.D., 
M.S., F.A.C.S., Clinical Professor of Surgery, 
University of Illinois, College of Medicine; 
Attending Surgeon, Presbyterian-St. Luke’s 
Medical Center and Research and Educa- 
tional Hospitals, Chicago, Illinois. Cloth. Pp. 
726, with numerous illustrations. W. B. 
Saunders Company, Philadelphia and Lon- 
don, 1959. 

This is a beautifully bound, well printed and 
extremely well illustrated book on Vascular 
Surgery. Not only is it extremely complete in 
its twenty-one chapters divided into four parts, 
but it gives excellent clinical information and 
suggestions for treatment, as well as for diag- 
nosis, that have been gleaned from the life’s 
work of the author. This book, in addition to 
being a guide for the vascular surgeon, repre- 
sents a life history of the work and achievements 
of Geza de Takats, whose name in this field is 
nationally and internationally known. 

The book begins with a section on the 
physiology of the vasomotor apparatus and 


blood clotting and then takes up methods of 


diagnosis in a methodical and _ painstaking 
fashion. The examination of the patient as re- 
gards vascular disease is thoroughly discussed 
and the problems clearly stated. The vascular 
syndromes requiring surgical care are described 
and this again shows the careful painstaking 
observations and work which have charac- 
terized the author throughout his career. The 
technical advances, methods of approach, and 
pitfalls are carefully delineated. Wherever pos- 
sible, answers have been given to puzzling 
questions and, where this is not possible, the 
author has honestly put forth the differences 
of thought and beliefs held at the present time. 

The book as a whole is a culmination of the 
many articles which the author has contributed 
to the literature, beautifully summarized, ably 
and pleasantly presented in a straightforward 
fashion. A nice touch is the quotation which 
heads each division. 

This book is indispensable for everyone in- 
terested in vascular work, both internist and 
surgeon. It should be in every hospital library, 
available to residents and interns. The author 


is to be congratulated and the publisher to be 
commended on this excellent tome. 


A. Ositus, M.D. 


GyNnecoLocic RapioGRarHy: INCLUDING Ra- 
DIOGRAPHY OF THE Breast. By Jean Dalsace, 
M.D., Chief of Sterility Service, Broca 
Hospital, University of Paris, Paris, and 
J. Garcia-Caldéron, M.D., Radiologist, Uni- 
versity of Paris School of Medicine, Paris. 
Cloth. Price, $8.00. Pp. 188, with 360 illustra- 
tions. Paul B. Hoeber, Inc., Medical Book 
Department of Harper & Brothers, 49 East 
33rd Street, New York, N. Y., 1959. 

This is an English translation of a French 
atlas on hysterosalpingography, including a 
short chapter on roentgenography of the breast. 
It presents an unusually wide application of 
hysterography including the rather controvers- 
ial use of this procedure in cancer of the cervix 
and corpus uteri, and normal and ectopic 
pregnancy. One chapter includes the use of 
pneumoperitoneum combined with hysterosal- 
pingography, endeavoring to demonstrate si- 
multaneously the outlines of the uterotubal 
cavities and the contour of the uterus, broad 
ligaments and ovaries. Congenital malforma- 
tions, endometrial hyperplasia, fibroids, polyps 
and tubal obstruction are given ample coverage 
Considerable discussion is given to the tech- 
nique and preferable types of contrast media. 

The text of the book is relatively scanty with 
only a few introductory paragraphs for each 
subject, followed by numerous illustrations of 
cases which the authors have accumulated over 
a period of many years. Only cases with estab- 
lished diagnoses are included. The indirect ex- 
ploration of the pelvis by use of barium enema 
or the detection of calcified tumors has purposely 
been omitted from this atlas and pneumoper- 
toneum is discussed only briefly in conjunction 
with hysterosalpingography. Many practical 
points are covered to one’s complete satistac- 
tion. Also a number of very unusual cases are 
included. 

It is difficult to demonstrate some of the finer 
details in the reduced roentgenograms, but, in 


general, the reproductions are of excellent 
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quality satisfactorily demonstrate the 
pathology. The illustrations depicting utero- 
tubal tuberculosis are somewhat vague, and the 
use of contrast medium in a diagnosis of cancer 
of the body of the uterus and cervix is not as 
simple as the authors would lead you to believe. 
The authors state that they have never ob- 
served dissemination of cancer cells as the result 
of using either lipiodol or a water soluble con- 
trast medium in hysterography for cancer 


detection. The chapter dealing with cancer of 


the uterus is the largest and most abundantly 
illustrated chapter in the atlas. Tubal obstruc- 
tion and the results of uterotubal implantations 
are also discussed adequately and numerous 
examples are given of restorative plastic opera- 
tions on the fallopian tubes. This atlas suggests 
that the use of hysterosalpingography in the 
study of sterility is only a small segment of the 
field in which hysterosalpingography is a valu- 
able tool. It is the authors’ opinion that either 
in tubal sterility or postmenopausal bleeding, 
roentgenography of the female genital organs 
should be routine procedure just as roentgenog- 
raphy of the intestinal tract is indicated in 
cases of gastric bleeding or colic. 

The chapter dealing with roentgenography 
of the breast 1s unusual since it utilizes both a 
craniocaudal view as well as a lateral view of 
the breast in the evaluation of breast masses. A 
rather detailed table is included with a synopsis 
of the roentgenologic signs of both benign and 
malignant tumors of the breast. Several illus- 
trations of confirmed lesions of the more com- 
mon types are also presented. It is the authors’ 
opinion that many small breast tumors, which 
are too small to be detected by palpation, may 
be diagnosed by roentgenography. 


Karu K. Latreier, M.D. 


BOOKS RECEIVED 

THE EssentiAts OF ROENTGEN INTERPRETATION. By 
Lester W. Paul, M.D., Professor of Radiology, 
and Chairman of the Department of Radiology, 
The University of Wisconsin Medical School; and 
John H. Juhl, M.D., Associate Professor of Radi- 
ology, The University of Wisconsin Medical 
School. Cloth. Price, $25.00. Pp. 839, with 1203 
illustrations. Paul B. Hoeber, Inc., Medical Book 
Department of Harper & Brothers, 49 East 33rd 
Street, New York, N. Y., 1959. 

HicH AttiruDE AND Rockers. A sym- 
posium sponsored by The Royal Aeronautical 
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Society, The British Interplanetary Society and 
The College of Aeronautics, held at Cranfield, 
England, 18th-20th, July, 1957. Cloth. Price, 
$15.00. Pp. 136, with numerous illustrations. 
Philosophical Library, Inc., 15 East goth Street, 
New York 16, N. , 1959. 

An Inrropuction Tro ELEcTRONICS FOR PuysiIo- 
LocicAL Workers. By I. C. Whitfield, !).Sc., 
Reader in Physiology, University of Birmingham. 
Second edition. Cloth. Price, $3.75. Pp. 263, with 
numerous illustrations. St. Martin’s Press, Inc., 
10} Park Avenue, New York 17, N. Y., 1959. 

PREVENTIVE MEDICINE; PRINCIPLES OF PREVENTION 
IN THE OcCURRENCE AND ProGreEssIon OF 
sEASE. Edited by Herman E. Hilleboe, M.D., 
Commissioner of Health, State of New York, De- 
partment of Health, Albany, New York; and 
Granville W. Larimore, M.D., Deputy Commis- 
sioner of Health, State of New York, Department 
of Health, Albany, New York. Cloth. Price, 

$12.00. Pp. 731, with $9 illustrations. W. B. Saun- 

ders Company, West Washington Square, Phila- 

delphia Sy Pa:, 1959. 


THE DEGENERATIVE Back AND Its DIFFERENTIAL 


Diacnosis. By P. R. M. J. Hanraets, M.D., Neu- 
rosurgeon, St. Ursula Clinic, Wassenaar, The 
Netherlands. Cloth. Price, $19.95. Pp. 690, with 
numerous illustrations. Elsevier Publishing Com- 
pany, Bank of the Southwest Building, Houston 
2, Texas, 1959. 

X-RAY AND Rapium In Dermaro.ocy. By Bernard 
A. Wansker, M.D., Diplomate, American Board 
of Dermatology, Charlotte, North Carolina; 
Kormerly, Instructor in Dermatology, Duke Uni- 
versity School of Medicine, Durham, North Caro- 
lina. Cloth. Price, $5.00. Pp. 114, with 20 illus- 
trations and 12 tables. Charles C Thomas, Pub- 
lisher, 301-327 East Lawrence Avenue, Springfield, 
Ill., 1959. 

INSULIN TREATMENT IN Psycuiatry. Proceedings of 
the International Conference on the Insulin Treat- 
ment in Psychiatry, held at the New York Acad- 
emy of Medicine, October 24 to 25, 1958. Edited 
by Max Rinkel, M.D., Boston, Massachusetts, 
and Harold E. Himwich, M.D., Galesburgh, 
Illinois. Cloth. Price, $5.00. Pp. 386, with nu- 
merous illustrations. Philosophical Library, Inc., 
15 East 40 Street, New York 16, N. Y., 1959. 


Acra RADIOLOGICA SuPPLEMENTUM 171. Dose Dis- 


rRIBUTIONS IN ARC THERAPY IN THE 200 TO 250 
KV Rance; Systematic MEASUREMENTS IN 
HoMoOGENEOUS PHANTOMS WITH THE BEAM Dt1- 
RECTION PERPENDICULAR TO THE OSCILLATION 
Axis. By Olov Dahl and Karl Johan Vikterléf. 
Paper. Price, Sw.Kr. 35:-. Pp. 250, with 157 iso- 
dose charts, 21 illustrations and 8 tables. Acta 
Radiologica, Box 2052, Stockholm ay Sweden, 
1958. 
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ROENTGEN DIAGNOSIS 
Heap 
GreEN, Ropney I. The radiological appear- 
ances of the soft palate with reference to the 
treatment of cleft palate. ¥. Fac. Radiolo- 
gists, Jan., 1959, 70, 27-39. (From: Depart- 
ment of Radiology, Royal Southern Hospital, 
Liverpool United Hospitals, Liverpool, Eng- 


land.) 


The use of roentgenography as an aid to diagnosis 
of nasopharyngeal incompetence is not new. Kluoros- 
copy was advised by Veau and Maisonney-Borel in 
1943 to ascertain patients unlikely to benefit from 
further surgical repair. 

The author suggests that seven roentgenograms be 
taken with the patient seated, the lateral views cen- 
tering at the temporomandibular joint. Some roent- 
genograms are taken at rest with a centimeter marker 
against the nose; direct readings reduced 10 per cent 
give life-size measurements when the roentgeno- 
grams are made at § feet distance. Other roentgeno- 
grams are made with the patient saying “ee,” “‘s,”’ 
““g”’ and whistling. If air in the oropharynx does not 
give enough contrast, some barium can be trickled 
down the nose and some paste administered by 
mouth, outlining very well the soft tissues of the 
pharynx. 

The structures which must be identified are the 
pterygoid plates of the sphenoid, the posterior wall 
of the antrum, the hamular processes of the sphe- 
noid, the soft palate lying on the dorsum of the tongue, 
and the tonsil. These are identified at rest and then 
again on phonation. On phonation, the adenoid pad 
comes down and the levator eminence of the soft 
palate comes up. 

The importance of assessing nasopharyngeal func- 
tion and competence is most striking in those cases 
where primary repair of the soft palate may not be 
successful. Roentgenograms determine whether 
competence is present. Often the repair is successful 
and the palate is of adequate length and mobility but 
does not function properly because the patient can- 
not use it due to mental inadequacy, nervousness, 
bad speech habits or incorrect cerebral patterns. 

Many excellent roentgenographic reproductions 
are included for demonstration of various degrees of 
nasopharyngeal incompetence. There is also a dia- 
gram showing normal findings.—Eva S. Carey, M.D. 


LIEBERMAN, Haro.p, and Brem, JaAcos. Syn- 
drome of acute osteomyelitis of the superior 
maxilla in early infancy. New England F. 
Med., Feb. 12, 1959, 260, 318-322. (From: 
Otolaryngological and Pediatric services, St. 
Vincent and Worcester City Hospitals, Wor- 
cester, Mass.) 

The authors report on 2 cases of 


acute osteo- 
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myelitis of the superior maxilla in early infancy and 
review the literature on this rare syndrome. 

In almost all reported cases where the cultures 
have been obtained, the pathogenic organism was 
Staphylococcus aureus. It is suggested that the inci- 
dence of this syndrome may likely increase because 
of the tendency for resistant groups of Staphylo- 
coccus aureus to become implanted in hospitals, thus 
giving rise to an increased carrier rate in hospital 
personnel. 

The syndrome manifests itself early by involve- 
ment of the orbital contents and nose. There is in- 
flammatory edema and redness of the involved side 
of the face and nose, swelling of the eyelids so that 
the eye cannot be opened, chemosis of the conjunc- 
tiva and orbital swelling, and proptosis and fixation 
of the globe of the eye. 

Roentgenograms of the area are not of much 
value. They may show involvement of the ethmoid 
sinuses. 

Prior to the use of chemotherapy and antibiotics 
the mortality rate from this syndrome was 25 per 
cent. The infants who recovered were handicapped 
by draining fistulas for months and by facial de- 
formities resulting from sequestrated bones. 

To minimize and prevent permanent damage, 
early clinical and bacteriologic diagnosis, surgical 
intervention when indicated, and treatment with 
proper antibiotic, as well as supportive therapy, are 
essential. It is also emphasized that the infection in 
this syndrome has a tendency to smolder and it is 
essential to continue with the antibiotics of choice 
until it is completely eradicated.—Richard L. ‘fontz, 


M.D. 


Barnetr, Donatp J. Radiologic aspects of 
craniopharyngiomas. Radiology, Jan., 1959, 
72, 14-18. (Address: St. Luke’s Hospital, 
Pittsfield, Mass.) 

The author presents a review of 62 cases of cranio- 
pharyngiomas with particular emphasis on the diag- 
nostic roentgen features as noted on plain films of 
the skull, pneumoencephalography and ventriculog- 
raphy, and cerebral angiography. 

Plain film examination of the skull usually re- 
vealed evidence of pressure erosion, localized in- 
crease in bone density or intracranial calcification. 
Although the sella turcica usually was not enlarged, 


one-half the cases. This erosion primarily involved 
the inferior surface, producing a pointing of these 
processes. The dorsum sellae and the posterior clin- 
oids suffered the most from erosion with about three- 
fourths of the patients showing loss of bony sub- 
stance. A definite increase in density in various por- 
tions of the sella turcica was an unexpected finding 
in 8 cases. This was simply an increased opacity sim- 
ilar to that seen after external roentgen therapy to 
pituitary adenomas with no altered trabecular pat- 
tern such as is found in association with meningi- 
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omas. The cause of this increased density is un- 
known. Recognizable calcification in and around the 
sella turcica was present in 73 per cent of the cases. 
In the majority, the calcification appeared as soft, 
flocculent, irregular densities, although a few cases 
showed only a calcific outline of the periphery of the 
lesion. 

Forty patients were examined by pneumoen- 
cephalography or ventriculography and of these, 95 
per cent had distortion of the third ventricle, usually 
with associated enlargement of the lateral ventricles. 
Although only 11 patients were examined by carotid 
angiography, 9 presented slight elevation of the 
siphon of the carotid artery, widening of the carotid 
siphon, and an elevated origin of the anterior cerebral 


artery.— Edward B. Best, M.D. 


MacCarty, W. C., Jr., and Russe i, D. G. 
Tuberous sclerosis. Radiology, Dec., 19§8, 77, 
833-839. (From: Hitchcock Clinic, Hanover, 
Fi.) 


Tuberous sclerosis is a rare familial disease attrib- 
uted to a defect in the development of the ectodermal 
structures and therefore is usually widespread and 
involves many systems. The classic clinical findings 
consist of mental deficiency, epilepsy, and sebaceous 
adenomas of the face. The central nervous system 
exhibits many and varied lesions, including nodules 
scattered throughout the cortex of the brain which 
range up to 3 cm. in size. These cortical masses are 
made up of giant nerve cells, glial elements, and 
large astrocytes. Subependymal tumor masses are 
found in the lateral ventricles and consist of glial 
cells and large astrocytes. The concomitant presence 
of other congenital anomalies is also rather high. 

Roentgenograms of tuberous sclerosis patients re- 
veal several distinct findings. Intracranial calcifica- 
tion is found in 60 per cent of these cases and consists 
of irregular discrete areas in the subependymal 
masses and within the cortical nodules. Rounded 
patches of sclerotic bone involving the inner table of 
the calvarium are seen in 40 per cent of these pa- 
tients and frequently overlie the cortical tuberous 
nodules. Ventriculograms often show the sub- 
ependymal masses appearing as protrusions or filling 
defects within the lateral ventricles. Roentgeno- 
grams of the hands and feet exhibit cysts in the 
phalanges and periosteal new bone formation in the 
metatarsals. Patchy, sclerotic areas in the vertebrae 
and innominate bones, which must be differentiated 
from Paget’s disease or osteoblastic metastases, have 
also been described as well as fine generalized reticu- 
lar patterns and honeycombing in the lung fields. 
Subependymal glial proliferations may enlarge suf- 
ficiently to produce obstruction and chronic hydro- 
cephalus, and in these cases a malignancy change 
should be suspected. Neoplasms in the form of 
gliomas have been reported in these patients and 
such a case is presented.— Yohn Alexander, M.D. 
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New, Paut F. J. Carotid angiography in the 
localization of supratentorial neoplasms and 
hamartomata. Radiology, Jan., 1959, 72, 35 
41. (Address: 357 Dufferin Ave., London, 
Ontario, Canada.) 


The author reports the results of a study to evalu- 
ate the accuracy of carotid angiography in the lo- 
calization of supratentorial neoplasms. The relative 
merits of ventriculography, pneumoencephalography 
and carotid angiography are discussed. The investi- 
gation was limited to the following more common 
forms of supratentorial neoplasms and hamartomata: 
all forms of gliomata of the cerebral hemispheres, 
meningiomata, metastases and arteriovenous mal- 
formations. A total of 165 investigations were done 
on 131 patients. Angiography was done in 98 pa- 
tients, angiography and encephalography in 18, and 
angiography and ventriculography in 12. Two pa- 
tients had all 3 procedures and one was examined 
only by encephalography. 

It is concluded that the majority of supratentorial 
space-occupying lesions are best examined first by 
carotid angiography. This method alone will fre- 
quently provide a pathologic diagnosis in addition to 
a satisfactory localization. A moderate number of 
cases will require additional pneumography to pro- 
vide further information regarding the site and extent 
of the lesion. A negative angiogram in the presence 
of reasonable clinical suspicion of a neoplasm should 
lead to pneumography. 

Cerebral angiography can be safer and less disturb- 
ing to the patient than pneumography. It is less time- 
consuming than a properly conducted pneumo- 
graphic study. Suspected midline basal neoplasms 
are best investigated in the first instance by pneu- 
mography, unless a meningioma or other vascular 
mass is suspected.— Arno W.. Sommer, M.D. 

NECK AND CHEST 
Perrucuio, P., Brug, R., LaGarpe, C., ano 

Detpy, J. Le torulome bronchectasiant; une 

nouvelle forme clinique de la Torulose res- 

piratoire. (Bronchiectasizing toruloma; a new 
clinical form of respiratory torulosis.) Presse 
méd., Feb. 25, 1959, 67, 387-390. (From: 

H6pital Maritime Sainte-Anne, Toulon, 

France.) 

The authors describe a new clinical form of respira- 
tory torulosis. During a routine fluoroscopic survey 
(school), an asymptomatic twelve year old girl was 
found to have an ovoid left parahilar density of 
about 3 cm. diameter. Roentgenographic and lamina- 
graphic studies revealed this to be a cystic mass with 
a fluid level. This was resected and its contents (a 
greenish gelatinous material) proved to contain 
Torulae (Cryptococcus neoformans). The walls of this 
cyst showed a few orifices leading to three smaller 
cystic masses. The composite picture was, hence, 


= 


that of a bronchiectatic segment. Since the same 
fungi could be cultured from excreta of pigeons, with 
which the patient was associated, the probability of 
these birds being the disseminating agents is strongly 
suggested. 

Of the 300 cases of torulosis reported in the world 
literature, nine-tenths were encephalomeningeal or 
generalized in form and only one-tenth respiratory in 
localization. Most of the reported cases were from 
the United States and Australia. All of the respira- 
tory torulosis cases reported have been described as 
mycotic tumors, hence the significance of the present 
bronchiectatic torulosis. 

The subject is treated from the clinical, patho- 
logic and roentgenologic points of view and an ex- 
cellent bibliography is presented.—‘irair N. Sarian, 


M.D. 


Coie, W. R. (Perth, Western Australia.) Pul- 
monary alveolar microlithiasis. 7. Fac. Radt- 
ologists, Jan., 1959, 70, 54-56. 


Pulmonary alveolar microlithiasis is rare but has 
flourished in the literature recently. 

It is actually characterized by minute calculi 
within the alveoli. The symptoms do not occur until 
late in the disease; then emphysema, emphysema- 
tous blebs, dyspnea and pulmonary insufficiency 
with right heart failure develop. Some patients have 
an increase in sputum but no calculi are noted in the 
sputum, and occasionally clubbing of the fingers 
occurs. The most important roentgen feature is the 
uniformity of the miliary mottling. There is no 
thickening of the alveolar walls. There is a calcific 
deposit within the alveoli. The cause is unknown. 

The roentgenologic appearance is typical enough 
to be diagnostic. It may be confused with miliary 
tuberculosis but here the nodules are denser. The 
sarcoid is not a calcific infiltration and lymph adenop- 
athy is present; the hemosiderosis infiltration is 
softer; the stannosis lesions are denser. 

A case is described and attention is called to the 
fact that this condition may be familial.—Eova S. 


Carey, M.D. 


Lane, WARREN ZeEPH. Lung trauma; influence 
of pre-existing pulmonary disease. New Eng- 
land Ff. Med., Feb. 5, 1959, 260, 251-255. 
(Address: 767 Post Road, Darien, Conn.) 


The author introduces his subject by pointing out 
that a common problem in emergency room practice 
is injury of the thorax occurring in high speed auto 
accidents. He notes that managing chest injuries in 
patients who were in good health and under forty- 
five years of age is a relatively simple matter. He 
believes that the real test of skill and management 
occurs in those patients who have had disease of the 
thorax prior to the injury. 

Simple emergency room treatment consists of im- 
mediately relieving the breathing by suction and the 
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insertion of a Guedel oral airway. Nasal oxygen is 
then administered at the rate of about 6 liters a 
minute. Careful clinical observation is necessary to 
rule out the possibility of tension pneumothorax. 
Details of treatment of pneumothorax are given 
and there are several good illustrations. Treatment 
of hemopneumothorax is considered and costosternal 
traction for “‘stove-in” chest is illustrated. The ar- 
ticle is well worth reading carefully if one is en- 
gaged in an emergency room type of practice. 


Richard E. Kinzer, M.D. 


How J., Jr., and Goon, C. 
Auten. The radiographic features of trache- 
opathia osteoplastica. Radiology, Dec., 1958, 
71, 847-850. (From: Section of Roentgenol- 
ogy, Mayo Clinic, Rochester, Minn.) 


Tracheopathia osteoplastica is a rare tumorous 
involvement of the walls of the trachea and major 
bronchi by multiple osteocartilaginous plaques which 
produce a variable amount of obstruction of the 
airway. It is generally agreed that these tumors 
originate by metaplasia of connective tissue to elastic 
cartilage, which has the ability to calcify and ossify, 
partly by means of osteoplastic activity. Although it 
is usually considered benign, recent work suggests 
that the condition may be precancerous. 

The typical roentgenographic features are mul- 
tiple flat nodular tumors, arising from the anterior 
and lateral walls of the trachea, which produce a 
narrowed lumen. Although these tumors may con- 
tain calcification, they present no roentgenologically 
visible ossification. The authors stress the use of 
laminagrams which clearly show the typical long- 
segment involvement of the trachea and bronchi. 
The differential diagnosis of tracheal pressure de- 
fects, carcinomas, papillomas, fibromas and calcified 
paratracheal lymph nodes is briefly discussed. 

A case report of tracheopathia osteoplastica is pre- 
sented in which the diagnosis was made on the basis 
of the clinical history and the characteristic roentgen 
picture as seen in laminagrams.—Edward B. Best, 
M.D. 


Ricutrer, K. Pulmonale Gefassveranderungen 
bei Polycythaemia vera. (Pulmonary vascu- 
lar changes in polycythemia vera.) Fortschr. 
a. d. Geb. d. Réntgenstrahlen u. d. Nuklear- 
medizin, Feb., 1959, 90, 179-184. (Address: 
I. Medizin. Klinik der Charité, Schumannstr. 
20/21, Berlin N 4, Germany.) 

Changes in the pulmonary vascular system and 
lung parenchyma are described in 50 cases of poly- 
cythemia vera. In 38 patients there was a definite 
increase in the vascular markings extending from 
the hili into the periphery. The hilar vessels were in- 
creased in size and width. In 12 of the 50 patients, 
there were no abnormal vascular findings. There 
seemed to be no definite relationship between blood 
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volume and increased vascular markings. In some 
patients the abnormal vascular markings decreased 
when the polycythemia improved after therapy with 
radiophosphorus. The increased reticular structure 
in the periphery of the lungs was at times not 
changed by the clinical status of the disease, which 
seems to indicate a coexisting pulmonary fibrosis. 
Kerley’s lines were seen in 12 of the patients, also 
indicating interstitial changes. Laminagraphic ex- 
amination revealed that the arteries as well as the 
veins were dilated and enlarged. 

The morphologic changes of the pulmonary ves- 
sels can best be explained by the abnormal physiol- 
ogy of the response of the vessels to an increased 
blood volume. Cardiac enlargement of any remark- 
able degree is unusual; when present, the left ven- 
tricle is enlarged and the aorta shows sclerotic 
changes. Enlargement of the right ventricle and 
prominence of the pulmonary segment are very 


rare.—Hans W. Hefke, M.D. 


Deck, Freperick W., and SHERMAN, Ros- 
ERT, S. Excavation of metastatic nodules in 
the lung; roentgenographic considerations. 
Radiology, Jan., 1959, 72, 30-34. (Address: 
KF. W. Deck, 444 E. 68th St., New York 21, 
N. Y.) 

The authors state that 60 per cent of pulmonary 
metastases are said to be roentgenographically 
visible. These secondary deposits in the lungs have 
been classified by Minor as having a nodular, in- 
filtrative, lymphangitic, miliary, or massive consoli- 
dation appearance. With special attention given to 
the occurrence of excavation in the nodular type of 
pulmonary metastases visible on the chest roent- 
genograms, the authors present their observations in 
21 definitely proved cases. They noted that the size, 
shape, wall thickness, and internal wall contour of 
the cavities are variable. The size ranged from 
4 mm. to § cm. in diameter. The wall thickness 
ranged from 1 mm. to 7 mm. in width. The internal 
contour was either smooth or irregular. Where there 
were numerous nodular densities, these cavitations 
were present only in a few of the nodules. Diagnosis 
is dificult when only one cavitation exists or when 
multiple small cavities are demonstrated without 
the presence of nodular metastatic densities. 

Since excavation in metastatic Wilms’ tumor 
nodules in the chest has been reported to occur more 
readily than in any other tumor, the authors decided 
to review 28 cases of Wilms’ tumor from their files. 
They found evidence of excavation in only 2 of the 
cases, and therefore were unable to confirm this 


finding. Wallace M. McBride, M.D. 


Appin, Harez, and Appin, Fatma 
Harez. Tricuspid stenosis in association with 
right ventricular hypertrophy and the co- 
existence of right-sided endocardial fibro- 
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elastosis. 4m. Heart y* Jan., 1959, 57, 98 
103. (From: The Children’s Hospital and 
Pathology Department, Kasr El Eini, Fac- 
ulty of Medicine, Cairo, Egypt.) 


The authors report a congenital heart presenting 
in a three week old baby with deep cyanosis dating 
from birth. Roentgenographically, there was con- 
siderable enlargement of the heart—apparently left 
ventricular and also right ventricular. The electro- 
cardiograph showed no specific deviation despite the 
severe enlargement. 

The patient expired at the age of three months in 
congestive failure and the postmortem examination 
revealed tricuspid stenosis, right ventricular hyper- 
trophy, and left ventricular, hypertrophy. There was 
pulmonary atresia with an intact interventricular 
septum, an atrial septal defect, a patent ductus ar- 
teriosus, and a striking right-sided endocardial fibro- 
elastosis. The wall of the right ventricle measured 
16 mm. and of the left ventricle 12 mm. in thickness. 
The capacity of the left ventricle was 10 times that 
of the right ventricle. 

This is a rare congenital malformation which has 
not been described previously in association with the 
right-sided endocardial George L. 
Sackett, M.D. 


fibroelastosis. 


Ross, Joun, Jr. Transeptal left heart catheter- 
ization: A new method of left atrial puncture. 
Ann. Surg., March, 1959, 749, 395-401. 
(From: The Clinic of Surgery, National 
Heart Institute, Bethesda, Md.) 

A method of left heart catheterization, in which the 
interatrial septum is punctured with a retractable 
needle passed through a cardiac catheter, is de- 
scribed. The procedure was successfully performed 
on 37 dogs. The left atrial puncture is done with a 
long flexible needle passed through a Cournand 
catheter; 18 and 20 gauge needles, 61 cm. long and 
slightly curved at the end, were employed. The 
catheters are shortened to allow the needle to pro- 
trude 1.5 cm. from the end. The 18 gauge needle will 
permit the passage of a small plastic tube (.039 
inches in diameter) for catheterization of the left 
ventricle and aorta. 

The Cournand catheter is introduced into the 
right femoral vein and threaded into the right side of 
the heart where pressure readings and blood samples 
are taken. The tip of the catheter is placed at the 
junction of the inferior vena cava and right atrium 
and the needle is inserted almost to the tip of the 
catheter. The needle and catheter tip are then di- 
rected about I cm. posteriorly and medially from the 
mouth of the inferior vena cava where resistance is 
met. This is the interatrial septum in the region of 
the fossa ovalis. The needle is pushed forward and 
the atrium is punctured. A change in the resistance 
indicates that the needle has punctured the septum. 
Pressure readings and blood samples will indicate 
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whether the tip is in the right or left atrium. The 
small catheter is threaded through the needle into 
the left atrium. It can then be manipulated into the 
left ventricle and aorta. 

There were only minor electrocardiographic 
changes in the 18 dogs in which the 20 gauge needle 
was used. Fourteen dogs were catheterized using the 
18 gauge needle and in 8 of these the smal] polyvinyl] 
catheter was passed into ie left ventricle. Two of 
the dogs who had 2 left atrial injections of a total of 
20 cc. of urokon died the night following the injec- 
tions. One of these had a large ventricular septal 
defect with a left to right shunt and a pulmonary 
artery pressure of 70 mm. of mercury. It showed 
gross pulmonary edema. No cause for the death of 
the second dog could be established. , 


In 2 of the dogs autopsied, small puncture holes , 


remained in the interatrial septum seven and one- 
half weeks and three and one-half months after the 
catheterization, respectively. 

The method is offered as a procedure which may 
be used when other methods fail in catheterization 
of the left side of the heart. It allows one to obtain 
information from both sides of the heart in one pro- 
cedure.—Frank M. Windrow, M.D. 


Woop, I. J. The Nisbet symposium 1958. 
Dysphagia. Part 1. Some medical aspects of 
dysphagia. Proc. Coll. Radiologists, Aus- 
tralasia, Dec., 1958, 2, 75-78. (From: The 
Clinical Research Unit of the Royal Mel- 
bourne Hospital and the Walter and Eliza 
Hall Institute of Medical Research, Mel- 
bourne, Victoria, Australia.) 


The author discusses dysphagia from the point of 
view of an internist. Case histories of 8 patients are 
cited in order to demonstrate the multiplicity of 
diseases which may cause dysphagia. The cases were 
chosen to emphasize the value of clinical experience 
to the radiologist, especially since barium studies of 
the esophagus were normal in many instances. 

The first patient had arthritis, conjunctivitis, and 
dysphagia. This was an example of keratoconjuncti- 
vitis or Sjorgren’s disease, the dysphagia being due to 
lack of saliva. Roentgen examination of the esopha- 
gus and stomach was normal. 

The second patient had an ulcerating reticulo- 
sarcoma in the throat with dysphagia and normal 
roentgen findings. 

The third patient had Hodgkin’s disease with 
lymphadenopathy, retrosternal discomfort, and 
dysphagia. Initial lymph node biopsies showed no 
evidence of tumor. Serial roentgen examinations 
showed gradual widening of the mediastinal shadow, 
and repeated biopsies finally revealed evidence of 
Hodgkin’s disease. 

The fourth case was that of a young man who 
suffered a compound fracture of the leg which was 
treated by open reduction. Seven months later the 
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plate was removed and the patient then developed 
dysphagia and stiffness of the jaw due to tetanus. 
The author points out that dysphagia may be the 
main symptom of tetanus for several days and that 
valuable time would be lost unless all factors are 
taken into consideration. 

The fifth case was that of a patient who had suf- 
fered bouts of dysphagia for five years and had re- 
cently become almost completely obstructed. Barium 
studies revealed a hiatus hernia with a stricture 
proximal to it. Esophagoscopy disclosed an esoph- 
agitis with ulceration at the site of the stricture. 

The sixth case was that of an elderly man with 
chronic dysphagia and dyspepsia for more than ten 
years. He was found to have a duodenal ulcer and a 
hiatus hernia. Subtotal gastrectomy was done and 
the hiatus hernia was repaired. Six years later the 
patient again developed dysphagia but this time it 
was caused by a malignant ulcer with esophageal 
stenosis. 

The seventh case was that of a fifty-seven year old 
woman who had developed dysphagia two days after 
gastroscopy. Roentgen studies showed evidence of a 
superior mediastinal mass which proved to be due to 
an abscess secondary to perforation of the hypo- 
pharynx. 

The eighth patient was an eighteen year old girl 
with chronic hepatitis and recurrent hematemeses 
due to varices. She had experienced no dysphagia. 
A splenorenal anastomosis was performed and an 
esophagogastrectomy was done. Postoperatively she 
developed severe dysphagia which on serial roentgen 
examinations was found to be due to a paraesophag- 
eal abscess. 

The author emphasizes that dysphagia may be 
caused by a multiplicity of diseases and that each 
patient cited above offered a challenge which was 
solved by the combined efforts of the radiologist, 
pathologist, and clinician.— 7. L. Williams, M.D. 


Woop, Barsara. The Nisbet symposium 1958. 
Dysphagia. Part 2. The radiological investi- 
gation of dysphagia. Proc. Co//. Radiologists, 
Australasia, Dec., 1958, 2, 79-82. (From: 
Department of Radiology, The Royal Mel- 
bourne Hospital, Melbourne, Australia.) 


The complaint of difficulty or discomfort on swal- 
lowing is a symptom which has become a challenge 
to the radiologist. It is becoming increasingly ap- 
parent that this complaint can never be dismissed 
lightly and that a very thorough examination must 
be performed if some of the subtle or uncommon 
causes of dysphagia are to be recognized. Localiza- 
tion by the patient of the site of his trouble has 
proved to be unreliable. Many of the causes of dys- 
phagia can be recognized by a simple barium exami- 
nation of the esophagus in the erect position. These 
include pharyngeal diverticulum, pressure from an 
enlarged thyroid, vascular anomaly, carcinoma of the 
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esophagus, cardiospasm and the changes of sclero- 
derma. 

The author places considerable emphasis on three 
conditions which are not always readily detected. 

The first of these is the esophageal web. It is 1m- 
portant to study very carefully the proximal esopha- 
gus of patients who have the Plummer-Vinson syn- 
drome and to obtain roentgenograms which show the 
typical thin web situated on the anterior aspect of the 
barium column. The author feels that many patients 
with this syndrome have been regarded as being 
hysterical because the radiologist did not see any 
obstruction and did not make an especial effort to 
exclude an esophageal web. 

The second cause of dysphagia which may not be 
readily apparent when the patient is examined in the 
erect position is esophageal reflux and hiatus hernia. 
If no obvious cause of dysphagia has been found dur- 
ing fluoroscopy in the erect position, then it is desir- 
able to examine the patient in the recumbent position 
with maneuvers designed to show esophageal reflux 
and hiatus hernia. The author feels that esophageal 
reflux is always associated with a sliding type of 
hiatus hernia. This reflux is the cause of esophagitis 
with resulting dysphagia, but the abnormalities are 
not always readily apparent on the roentgenograms. 
The author emphasizes that dysphagia secondary to 
a hiatus hernia and esophagitis may be felt quite 
high in the throat or may be at the level of the lower 
end of the sternum. 

The third disease causing dysphagia which may 
not be readily appreciated is a carcinoma of the 
cardia of the stomach. The author emphasizes that 
great care must be taken in examining this area be- 
cause a small but partially obstructing carcinoma of 
the cardia may easily be missed... L. Williams, 


M.D. 


Haywarb, Joun. The Nisbet symposium 1958. 
Dysphagia. Part 3. The radiological investi- 
gation of dysphagia from a surgeon’s view- 
point. Proc. Coll. Radiologists, Australasia, 
Dec., 1958, 2, 82-90. (From: Department of 
Thoracic Surgery, Royal Melbourne Hospi- 
tal, Melbourne, Australia.) 


The author believes that there is no place for a 
barium study of the esophagus as a separate in- 
vestigation because lesions such as pyloric and duo- 
denal ulcers are so commonly associated with the 
symptom of dysphagia that the entire upper gastro- 
intestinal tract should be examined routinely. 

Films which show the abnormalities present may 
not always be sufficient for the surgeon. He will be 
greatly helped if they also show clearly the detailed 
anatomy of the lesions and, when more than one 
lesion is present, their spatial relationship to each 
other. 

The author cites an interesting case history of a 
forty-nine year old man who had dysphagia for fifteen 
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years. Barium studies showed “hyperperistalsis, 
rippling, and delay at the cardia.”’ Esophagoscopy re- 
vealed no abnormalities. The author felt that this 
was “idiopathic diffuse muscular hypertrophy of the 
lower esophagus.” At operation the muscle coat in 
the lower half of the esophagus was found to be 
about three times normal thickness. The muscle was 
split vertically from the cardia to the aortic arch level 
with complete relief of dysphagia.— 7. L. Williams, 


M.D. 


Atvarez Coca, M., and Lanpin, F. Diag- 
diferencial entre hernia diafrag- 
matica y eventracién diafragmatica izqui- 
erda. (Differential dtagnosis of diaphrag- 
matic hernia and left diaphragmatic eventra- 
tion.) Bol. Inst. Pat. Méd., Jan., 1959, 74, § 
12. (From: Residencia Sanatorial del S.O.E., 
Madrid, Spain.) 


nostico 


A forty-two year old housewife was admitted be- 
cause of pain, swelling and lymph adenopathy on the 
right side of the neck, which subsequently broke 
down and drained. She was treated with radiation 
therapy and streptomycin. In routine fluoroscopy of 
the chest, a deformity of the sternum was noted. This 
was caused, according to the patient, by an injury six 
years previously. The left diaphragm was found to be 
elevated and fixed in the region of the costophrenic 
sinus. In order to differentiate between a ventral 
hernia and eventration of the diaphragm, a pneumo- 
peritoneum was performed. Subsequent roentgeno- 
grams made in various projections showed gas sepa- 
rating the diaphragm from the outlines of the stom- 
ach and colon. The pathognomonic triangle of 
Fatou- Duval-Quenu was not clearly demonstrated. 


Murray M. Friedman, M.D. 


WILK, Sreran P. Axial transverse tomography 
of the chest. Radiology, Jan., 1959, 72, 42-50. 
(Address: 1414 S. Hope St., Los Angeles 15, 
Calif.) 

Axial transverse laminagraphy is one of the more 
recent advances in roentgen diagnostic procedures. 
This technique differs from conventional laminag- 
raphy in that it permits the making of roentgeno- 
grams of a thin slice of the body in a plane horizontal 
to its long axis instead of in the frontal or sagittal 
plane as in the conventional technique. One of the 
principal uses and advantages of this method is that 
actual cross-section roentgenograms of the chest 
with no image distortion due to magnification can be 
obtained. This is of great value in planning and 
calculating the dosage in the radiation therapy of 
deep seated tumors. It also provides a precise and 
spatial record of a pathologic process as to dimen- 
sions, depth, and relationship to neighboring viscera, 
particularly in obscure areas such as the medias- 
tinum. 
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Disadvantages are for the most part inherent 
shortcomings due to the technical aspects. Metic- 
ulous positioning and alignment of the patient in 
relation to the tube and film is necessary in order to 
obtain maximum definition of the various structures. 
The interpretation of these laminagrams may be 
somewhat difficult at first as there are no atlases in 
cross-section roentgenography. A special table which 
is of no value for any other purpose is also required. 
One may be bought commercially from some firm in 
Europe or built for about $2,000 in a mechanical 
shop. One other disadvantage is the exposure to the 
patient, as an axial transverse laminagram of the 
chest will require a dose of between 0.4 and 0.6 r. 
However, this is to a relatively narrow strip of the 
body and usually only one laminagram is necessary 
in each study. 

The equipment required for this procedure is de- 
scribed as is the technique used in obtaining these 
laminagrams.—Donald N. Dysart, M.D. 


ABDOMEN 


Urucenannt, H. Uber Retikulopathien und 
das Phinomen der Pseudopolyposis lymphat- 
ica ilei. (Reticulopathies and the phenome- 
non of pseudopolyposis lymphatica_ilei.) 
Fortschr. a. d. Geb. d. Réntgenstrahlen u. d. 
Nuklearmedizin, Feb., 1959, 90, 151-164. 
(From: Réntgen- und Radiumabteilung der 
medizinischen Klinik der stadt. Krankenan- 
stalten, Krankenhaus Siid, Liibeck, Ger- 
many.) 

The roentgenologic changes in terminal ileitis 
(Crohn’s disease) are normally typical and due to a 
single disease entity. In pseudopolyposis of the distal 
ileum, the roentgen findings cannot be explained on 
the basis of a single disease. The variability of the 
mucosal pattern of the ileam makes the interpreta 
tion of a questionably abnormal mucosa very diffi- 
cult. Polypoid filling defects in the terminal ileum of 
infants and small children are a normal finding. This 
pseudopolyposis is due to hyperplasia of lymph 
follicles. In adolescents and adults, a polypoid muco- 
sal relief is not found normally. After childhood, 
pseudopolyposis must be considered abnormal. 

The clinical importance of this finding cannot be 
evaluated by roentgen methods alone. These changes 
may be caused by lymphoid hyperplasia in such dis- 
eases as virus infections, infectious mononucleosis, 
rubeola, scarlet fever, and measles as well as by 
tuberculosis, typhoid and other illnesses. Lympho- 
sarcoma and leukemia may be the cause of polyp- 
like defects in the distal ileam. Without the help of 
other clinical means, the roentgen diagnosis cannot 
be used for a definite etiologic differentiation. 


Hans W. Hefke, M.D. 


Cotcock, BentLey, P., and Hume, 
Radiation injury to the sigmoid and rectum. 
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Surg., Gynec. & Obst., March, 1959, 708, 306- 
312. (From: Department of Surgery, Lahey 
Clinic, Boston, Mass.) 


The authors discuss their approach to 42 cases of 
postradiation rectal stricture and intestinal obstruc- 
tion seen at the Lahey Clinic from 1935 to 1957. No 
rate of incidence is given. 

The time of onset of proctitis was four months in 
patients with no recurrent cancer but only two 
months in those with known cancer. Repeated super- 
voltage roentgen therapy to the pelvis in recurrent 
cancers seemed to precipitate much of the proctitis. 

Treatment of proctitis required hospitalization if 
two weeks of symptomatic care could not relieve the 
symptoms. The patient was examined proctoscop- 
ically, manually and by barium enema. Treatment 
consisted of a bland low residue diet, sedation, anti- 
spasmotics, antibiotics, and steroid enemas. Some 
patients recovered on this therapy, while others re- 
quired proximal colostomy after two or three weeks of 
conservative therapy.—George E. Coade, M.D. 


Ten Eyck, Epwarp A. Fixed defects in the 
gallbladder wall. Radiology, Dec., 1958, 77, 
840-846. (Address: The New York Hospital, 
§25 East 68th St., New York 21, N. Y.) 


Single or multiple fixed filling defects in the gall- 
bladder are not infrequently seen during oral chole- 
cystographic studies. Kirklin in 1934 reported the 
first 4 cases of papilloma of the gallbladder diagnosed 
by cholecystography and confirmed by surgery. Since 
Kirklin’s report, American and British investigators 
have described approximately 50 cases of roentgeno- 
graphically diagnosed polypoid gallbladder lesions 
which have been confirmed by surgery. There have 
been numerous reports of benign gallbladder polyps 
or tumors which were not diagnosed on preoperative 
cholecystograms. 

The present study consists of the pathologic exami- 
tion of 2,544 gallbladders removed surgically between 
1952 and 1957 at The New York Hospital. Although 
all these cases did not have cholecystographic studies, 
the ones found to have polypoid lesions had all had 
preoperative oral gallbladder examinations. Of the 
2,544 gallbadders examined, 121 lesions were classi- 
fied as cholesterolosis. Of the 121, only 18 lesions, or 
1§ per cent, were demonstrated cholecystographi- 
cally. Although most of the remaining cases were of 
the dittuse type of cholesterolosis, there were some 
polypoid types which were not demonstrated, either 
because of inadequate size, nonfunction, or associated 
calculi. Only one fixed filling defect in this series rep- 
resented a true papilloma. Five other papillomas 
were identified pathologically. These, however, were 
all associated with calculi. The chances of making 
this diagnosis roentgenographically are therefore 
poor. Inflammatory polyps due to epithelial prolifera- 
tion secondary to chronic cholecystitis are also rather 
difficult to diagnose roentgenographically. Of 6 in- 
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flammatory polyps found on pathologic examina- 
tion, only one was demonstrated on the cholecysto- 
gram. Two of these were associated with nonfunc- 
tioning gallbladders and the other 3 with multiple 
calculi. Two other cases of fixed defects in this series 
included a vascular defect caused by a large thick- 
walled arteriosclerotic vessel; the other was due to a 
gallstone fixed to the gallbladder wall with sticky 
mucoid material. The patients with papilloma, in- 
flammatory polyp, arteriosclerotic vessel and calculus 
were all women. All but 2 of the cholesterol polyp 
group were women. 

The following diagnostic points are considered 
when attempting to diagnose polypoid lesions in the 
gallbladder: (1) The concentration of contrast medi- 
um should be good; (2) the defect is usually round or 
oval and smooth in outline; (3) the size is usually less 
than 0.5 cm. and rarely greater than 1.0 cm.; (4) 
there is no calcium; (5) there is no change in position 
on repeat examination; (6) where there are 2 or more 
defects, their relationship remains constant on repeat 
examination; and (7) in the upright position, there is 
no movement of the defect.—Z. Petrany, M.D. 


Twiss, J. Russevt, and Gitterre, Lee. Oral 
cholangiography; a method of visualizing the 
‘“nonvisualized” gallbladder. 
March 21, 1959, 769, 1275-1278. (Address: 
L. Gillette, 850 Park Ave., New York 12, 
Forty-six patients who had complete nonvisualiza- 

tion of the gallbladder following routine oral chole- 

cystography were given oral telepaque in the follow- 
ing manner to obtain cholangiograms: On the night 
before at 7:00 p.m. each patient took 6 telepaque 

tablets and at 7:30 p.m. 6 more tablets. At 9:00 p.m. 

each patient took one teaspoonful of paregoric. No 

fluids or food were taken after 7:00 p.m. On the 
day of the examination each patient took 6 more 
telepaque tablets and at g:00 A.M. two teaspoonfuls 

of paregoric. Roentgenograms were made at 11:00 

A.M. If no visualization of the ducts was obtained, 

additional roentgenograms were made in twenty-four 

hours. 

The following results were obtained: (1) visualiza- 
tion of the gallbladder or common bile duct with 
stones, 23 patients; (2) visualization of the gall- 
bladder without stones, 12 patients; and (3) no 
visualization of the gallbladder, 11 patients; with 
the common duct visualized in 6 of the 11. 

Surgery revealed common duct obstruction in all 
patients who showed no visualization at all by oral 
cholangiography. 

Of the 46 patients in the test, 33 had visualization 
of the gallbladder following oral cholangiography 
and 6 had visualization of the common duct only. 
Twenty-seven of these patients were operated on 
and the diagnosis by cholangiography was confirmed 
in 25. 


Abstracts of Radiological Literature 357 


In g patients oral cholangiography revealed normal 
concentration of the contrast medium and no stones. 
These patients were spared an operation. 

The conclusion is reached that oral cholangiog- 
raphy is indicated when the gallbladder is not 
visualized by routine oral cholecystography.— Frank 


M. Windrow, M.D. 


Harris, Joun H., Jr., O’Hara, A. Epwarp, 
and Koop, C. Everetr. Operative cholangi- 
ography in the diagnosis of prolonged jaun- 
dice in infancy. Radiology, Dec., 1958, 77, 
807-815. (Address: A. O’Hara, 1740 Bain- 
bridge St., Philadelphia 46, Pa.) 


Among the causes of jaundice of the newborn and 
infants are congenital atresia of the bile ducts, viral 
hepatitis and the inspissated bile syndrome. Differ- 
entiation between these frequently cannot be estab- 
lished by means of clinical and laboratory studies. It 
is in these cases, in which laparotomy must be re- 
sorted to, that operative cholangiography is of great 
aid in that it provides a visual outline of the biliary 
tree. [tis known that biliary atresia is the most com- 
mon cause of jaundice in infancy and that in its un- 
altered course the disease is fatal. If early surgical 
correction, however, is obtained, the cirrhotic process 
in suitable cases can be interrupted :n the liver before 
it becomes irreparable. Because of these facts the 
authors discuss and emphasize in this article the im- 
portance of early limited exploration and the study 
of the biliary ductal system by operative cholangiog- 
raphy. The technique employed at The Children’s 
Hospital of Philadelphia is described in detail. Since 
only the gallbladder is involved in the surgical dissec- 
tion, the possibility of postoperative fibrosis about 
10rmal infantile ducts is entirely avoided. 

Twelve patients have been examined by this 
technique. In 11 instances the cholangiographic find- 
ings were of definite aid to the surgeon. An atresia of 
some part of the ducts was found in 5, and 6 were 
found to have normal extrahepatic ductal systems. 
Kour illustrative cases are presented.—Donald N. 
Dysart, M.D. 


Potiock, A. V. Pancreatography in the diag- 
nosis of chronic relapsing pancreatitis. Surg., 
Gynec. & Obst., Dec., 1958, 707, 765-770. 
(From: Department of Surgery, University 
of Leeds, and Leeds General Infirmary, 
Leeds, England.) 


Recent attempts to treat relapsing acute and 
chronic pancreatitis by various surgical methods 
sharpen the interest in diagnostic study of the pan- 
creas, particularly regarding the following questions: 
(1) Is there obstruction to escape of pancreatic juice 
from the pancreatic duct? (2) Where does the ob- 
struction lie? (3) Do the operations suggested im- 
prove pancreatic drainage? (4) Is the effect perma- 
nent? 
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Transduodenal pancreatography was carried out 
in 33 cadavers to evaluate the normal, and also it was 
carried out in 11 patients suffering from relapsing or 
chronic hepatitis. Through a vertical incision, the 
lower second part of the duodenum was entered and 
the ampulla of Vater located. An 8 to 10 mm. inci- 
sion was made in the upper margin of the sphincter 
of Oddi, sparing the muscle, and the pancreatic duct 
located and cannulated with a firm polyethylene tube 
to a distance of 4 to 5 cm. A film was exposed im- 
mediately after injection of 2 cc. of 35 per cent dio- 
done. 

In the clinical studies the examination was inci- 
dental to a transduodenal sphincterotomy of the 
sphincter of Oddi. 

Reviewing the 44 studies (cadavers and patients) 
it was usually impossible to determine which were 
controls and which were the patients with pancreati- 
tis. Opacification of gland substance is probably in- 
dicative of acute pancreatitis, but of no value in 
diagnosis of such an obvious lesion. Dilatation of the 
ducts was observed in patients without history of 
pancreatitis, and several patients who had pancrea- 
titis had small ducts. The investigation emphasized 
the rarity of stricture of the pancreatic duct itself. In 
not one of the 44 patients was the opening of the pan- 
creatic duct anywhere but in the papilla of Vater. 

Of the 11 patients, 1 died of disruption of the duo- 
denal suture line, and 2 developed acute pancreatitis, 
one of whom died. Although in this series it was not 
possible to exonerate the operation of sphincterotomy 
as cause of the acute pancreatitis, it was believed 
that the blame should be placed on the injection of 
diodone into the pancreatic duct. 

In view of the paucity of diagnostic information 
gained, transduodenal pancreatography with diodone 
has been abandoned by the author.—Lois Cowan 
Collins, M.D. 

Wuire, Harvey. Fibrocystic disease of the 
pancreas; roentgen manifestations. Radiology, 
Dec., 1958, 77, 816-822. (Address: 707 Fuller- 
ton Ave., Chicago 11, Ill.) 

Kibrocystic disease of the pancreas is a hereditary, 
generalized, glandular disease of children manifested 
by pancreatic deficiency, chronic pulmonary lesions, 
disturbances of the sweat and salivary glands, and 
cirrhosis of the liver. The author emphasizes that 
this is not a rare entity, as it occurs approximately 
once in 600 live births and is limited almost entirely 
to the Caucasian race. 

Approximately 10 per cent of newborn infants 
with this disease will have acute intestinal obstruc- 
tion due to deficiency of pancreatic enzymes and 
alteration of the duodenal secretions which in turn 
produces an abnormally thick, tenacious meconium. 
In the lungs, due to the thickened and tenacious 
secretions of the altered mucoprotein, these babies 
have poor pulmonary drainage causing intrabronchial 
obstruction and development of atelectasis, emphy- 
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sema, bronchopneumonia, cor pulmonale and death. 
Ninety per cent of deaths in fibrocystic disease are 
the result of this chronic pulmonary involvement. 
Krom this underlying pathology, the roentgenologic 
picture that results is that of pneumonitis, atelectasis, 
emphysema, bronchiectasis, and fibrosis. Any non 

tuberculous persistent pulmonary lesion or unex- 
plained bronchiectasis and chronic asthma in infants 
and children should lead to the suspicion of fibro- 
cystic disease. This disease is usually first manifested 
between the ages of six months and two years, and it 
is the leading cause of atelectasis in infants under one 
year. In intestinal obstruction of the newborn, two 
signs suggestive of this disease are the “‘soap-bubble”’ 
sign of air mixed with meconium and the absence of 
fluid levels in the upright view. 

The absolute diagnosis is made by demonstrating a 
total or partial deficiency of duodenal secretions, or 
an elevated sodium (over 80 mEq./liter) and chloride 
(over 60 mEq./liter) in the sweat. The ditterential 
diagnosis includes tuberculosis, asthma, familial 
dysautonomia, aspiration pneumonitis, and agamma- 
globulinemia. The prognosis of this disease is im- 
proving with advances in surgery and chemotherapy. 
Once these patients reach the age of ten their chances 
of improvement increase markedly, probably due to 
the enlarged bronchi that are able to drain more 
efficiently. Seven case histories with roentgenologic 
findings are included.—fohn S. Alexander, M.D. 


Hope, Joun W., and Cramer, Harry R. The 
significance of postoperative pneumoperi- 
toneum in infants and children. Radiology, 
Dec., 1958, 77, 797-805. (Address: J. Hope, 
1740 Bainbridge St., Philadelphia 46, Pa.) 
It is generally agreed that free air in the peritoneal 

cavity, following a laparotomy, is a normal and in- 

significant finding in the adult. This free air will per- 
sist for seven to fourteen days, and has been reported 
as late as twenty-three days. It is now apparent that 
postoperative pneumoperitoneum in infants and 
children does not share this relative insignificance. 

The authors report 3 instances of this condition in 

infants, in which dependence on adult standards led 

to a delay in re-operation, resulting in perhaps two 
unnecessary deaths. 

To evaluate the problem of postoperative pneumo- 
peritoneum in infants and children, the first ap- 
proach was roentgenographic examination of the 
abdomen twenty-four hours after a laparotomy. 
Most of these cases were deliberately selected be- 
cause the operative procedure was complicated and 
lengthy. To the authors’ surprise no free air was 
visualized in the peritoneal cavity at this time. The 
interval was gradually reduced to a single roentgeno- 
gram taken in the recovery room within thirty min- 
utes following surgery. Of the patients examined 
within thirty minutes postoperatively, only 3 pre- 
sented free peritoneal air and in each of these the air 
was not visualized at twenty-four hours. A total of Ig 
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patients, ranging in age from two days to eight years, 
were studied in this series and the results are pre- 
sented in tabular form. 

For further clarification the authors studied a series 
of 12 patients in which air, varying in amount from 
110 cc. to 10 cc., was injected intraperitoneally and 
the air absorption followed roentgenographically. In 
g of the 12 patients the air disappeared at forty- 
eight hours and only a trace of air remained in the 
other 3. That even small amounts of intraperitoneal 
air can be detected roentgenographically was shown 
by clear visualization thirty minutes after a 10 cc. 
injection. 

Although the authors’ series admittedly is not 
large, it is obvious that the features of postoperative 
pneumoperitoneum in adults cannot be applied to 
infants and to children up to at least eight years of 
age. The observed results indicate that intraperi- 
toneal air in infants and children is absorbed rapidly, 
and that the presence of any appreciable quantity of 
free air at twenty-four hours postoperatively, or 
more than a trace of air at forty-eight hours, should 
arouse suspicion of a perforation or an anastomotic 


leak.— Edward B. Best, M.D. 
GYNECOLOGY AND OBSTETRICS 


SCHNEIDER, P. W. Beitrag zur Nephrokalzinose. 
(Contribution to nephrocalcinosis.) Radiol. 
clin., Jan., 1959, 28, 34-42. (From: Strahlen- 
abteilung der Stadtischen Krankenanstalten, 
Koblenz-Kemperhof, Germany.) 


Nephrocalcinosis is caused by a metabolic disturb- 
ance, chiefly associated with hypercalcemia, as seen 
in multiple myeloma, chronic osteomyelitis, high 
vitamin D intake, Cushing’s disease, Paget’s disease, 
and Boeck’s sarcoidosis. Renal calcifications are also 
frequently found in Sudeck’s atrophy, severe alkalo- 
sis as a result of pyloric stenosis, prolonged milk- 
alkali intake (milk-drinkers’ syndrome), and primary 
renal disease such as chronic glomerulonephritis and 
pyelonephritis. In 1954, Cowie reported curvilinear 
calcifications varying in thickness at the level of the 
renal pyramids and attributed these to the adminis- 
tration of para-amino salicylic acid for the treatment 
of osseous tuberculosis. Cowie believed that the PAS 
caused a shift of pH to the alkaline side in the renal 
parenchyma, whereupon calcium crystallized out and 
was deposited in the renal tubules, especially if these 
were previously damaged by tuberculous involve- 
ment. In the early stages of treatment, such calcifica- 
tion was reversible upon administration of sodium 
citrate and citric acid mixtures. 

The author cites one case, in which “typical” caleci- 
fications were found in a patient without tuberculosis 
or PAS administration. In another case with uro- 
genital tuberculosis and extensive bilateral renal 
calculi, the “typical” calcifications appeared after the 
administration of PAS and then almost completely 
subsided upon withdrawal of PAS. In the latter 
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case, the author difterentiates the tuberculous calci- 
fications from those induced by the PAS and he 
applies the term, “nephrocalcinosis in a narrower 
sense,” to the PAS.—¥. Zausner, M.D. 


Nervous SYSTEM 


Moss, Geratp. Symposium: Myelography in 
the diagnosis of diseases of the spinal canal. 
Part I. The clinical indications for myelo- 
graphic examination in diseases of the spinal 
cord and the spinal canal. Proc. Coll. Radiol- 
ogists Australasia, Sept., 1958, 2, 24-26. 


This discussion deals mostly with the spinal cord, 
and it is the developing paraplegia with which the 
clinician is commonly concerned. The nonacute case 
may be taken first. At lumbar puncture the combina- 
tion of complete or partial spinal block and increased 
protein in the cerebrospinal fluid gives a clear in- 
dication for myelography. Signs of block, however, 
may be absent or delayed. In that case, increased 
protein together with clinical evidence would be an 
indication, but the protein may be normal when there 
is no block. Very rarely the combination of partial 
block with normal protein may occur. 

At the other end of the scale is the acutely devel- 
oping paralysis. Difficulties with the differential 
diagnosis of certain lesions from transverse myelitis 
may then arise. It may be argued that, whether it is 
myelitis or not, and irremediable intramedullary 
lesion is present, and that therefore myelography 
cannot benefit the patient. Here one thinks of dif- 
ferentiation of sudden edema or hemorrhage from 
an intramedullary tumor or of sudden paraplegia 
due to a vascular anomaly of the cord, not neces- 
sarily accompanied by subarachnoid hemorrhage. 
Lumbar puncture will almost certainly give an ab- 
solute indication for myelography in the case of a 
tumor, but frequently does not in the case of a 
vascular anomaly, in which a characteristic myelo- 
graphic pattern is seen. 

Acute epidural spinal abscess is another condition 
which causes rapid paralysis. It presents an urgent 
indication for myelography and operation, not only 
on that account, but due to the risk of thrombosis of 
the vessels of the cord. 

The development of sudden paraplegia in patients 
with malignant disease, often causing collapse of a 
vertebra, is well known. In others, the onset is slow. 
Roentgen therapy may be unsuitable, fail or reach 
its limit of effectiveness. There is a place for surgery, 
usually preceded by myelography in some of these 
cases. 

Cord and root damage from cervical spondylosis 
can now usually be diagnosed by the clinician with 
experience of the condition. The frequency of symp- 
tomless cervical spondylosis is appreciated, above 
all, by radiologists. Whenever there are cord signs, 
myelographic abnormality is usually demonstrated; 


) 
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therefore, if operation is proposed in this condition, 
myelography should always be done. 

The question arises, however, whether myelog- 
raphy should also be carried out in all cases of lum- 
bar disk herniation when operation is contemplated. 
That has not been the author’s practice. The clinical 
diagnosis in patients suffering root pressure has been 
accurate and the results good in most properly se- 
lected cases. That there is little trauma from the 
usual surgical exposure and minimal, if any, damage 
from the medium should be taken into account. 
These considerations outweigh the risk of missing 
the much rarer cauda equina tumor.—Stephen N. 


Tager, M.D. 


Beciey, M. D. Symposium: Myelography in 
the diagnosis of diseases of the spinal canal. 
Part II. Diseases of the spinal cord and its 
covering with special reference to the applica- 
tion of myelography. Proc. Co//. Radiologists 
Australasia, Sept., 1958, 2, 27-32. 


There are three main types of diseases to which 
the method is principally applied. Spinal cord tumors 
form one group; hamartoma-like lesions such as 
dermoids, vascular anomalies and syringomyelia 
form another. Some clinics also employ myelography 
extensively in the investigation of spinal trauma 
and disk protrusion. 

In most clinics, the method is used for accurate 
localization of the level of the lesion, to define the 
extent of the lesion, or to exclude multiple lesions. 

Extradural lesions are characterized by tapering 
of the myodil column, widening of the gap between 
the theca and the vertebra, and negligible displace- 
ment of the cord. 

Intramedullary tumors, vascular malformations 
and syringomyelic cavities give the same appearance 
at myelography. Since these lesions arise within the 
cord and expand it uniformly over several segments, 


a fusiform defect of the myodil column results. If 


obstruction by the tumor is complete, a symmetric 
concave filling defect is produced. In these lesions 
the root pockets may be widened or be the only por- 
tion of the subarachnoid space filled with the con- 
trast medium. 

The intramedullary tumors are infrequent, the 
majority being gliomas or ependymomas. 

Myelography is of diagnostic value in other dis- 
eases. Using either gas or positive contrast, the 
method has been used to investigate diastemato- 
myelia, the Arnold-Chiari malformation, traumatic 
brachial plexus avulsion, certain diffuse lesions of 
the cord investments and cauda equina. 

The author describes in considerable detail the 
clinical symptoms, neurologic and roentgenologic 
findings in diastematomyelia and in Arnold-Chiari 
malformations. Clinically the Arnold-Chiari de- 
formity produces signs of a midline cerebellar lesion 
with bilateral hypotonicity, ataxia and nystagmus. 
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There may be evidence of increased intracranial 
pressure, with paresis of the lower cranial nerves, 
Sensory changes are often inconspicuous. There are 
2 characteristic roentgenologic findings seen in the 
Arnold-Chiari malformation: elongation of the 
fourth ventricle and cerebellar herniation into the 
spinal canal. 

Avulsion of one or more roots of the branchial 
plexus is a complication that may follow severe trac- 
tion injuries of the upper extremities. The classic 
syndrome described by both Duchenne and Erb oc- 
curs when the upper two roots are torn out by down- 
ward displacement of the shoulder. The Klumpke- 
type of paralysis occurs when the eighth cervical and 
first thoracic roots are torn. The neurologic signs 
that result from these injuries are the same as those 
that follow stretching of the spinal roots or more 
peripheral injuries of the cores of the plexus. When 
the plexus roots are actually torn out of the spinal 
cord, no form of treatment can help, but if there is a 
stretch or tear of the cords more laterally proper 
treatment may be of value. Unequivocal evidence of 
root avulsion is, therefore, of importance. This 
evidence can be obtained by myelography. 

The arachnoid covering of the cord accompanies 
the nerve root for a variable distance through its in- 
tervertebral foramen; this forms the myelographic 
root pocket. A funnel of dura also envelops each root 
and becomes the epineurium of the spinal nerve. The 
myelographic findings can be explained by the sep- 
aration of the dura. When this cuff is torn out of the 
side of the dural sheath which surrounds the spinal 
cord, cerebrospinal fluid pours out of the defect in 
the arachnoid to fill the cavity left by the retracted 
distal stump of the nerve. 

Diffuse meningeal neoplasia, whether carcino- 
matous or sarcomatous, is a rare condition which 
manifests itself as a neurologic disease with protean 
physical signs, presenting usually as a subacute or 
chronic meningoencephalopathy. The symptoms and 
signs of this disease are produced by meningeal irri- 
tation, increased intracranial pressure, and either 
cerebral or spinal neuronal dysfunction. Cranial and 
spinal nerve involvement with pains, paresthesias, 
palsies and impaired reflexes is often conspicuous. 
Ocular palsies are a frequent and often early com- 
plication. The difficulty of clinical diagnosis is in- 
dicated by the infrequency which which a diagnosis 
is made during the life of the patient. 

The application of myelography to less common 
conditions is described and illustrated by reference 
to 2 important congenital anomalies of the neural 
axis, a case of brachial plexus avulsion and an un- 
usual case of diffuse leptomeningeal neoplasia. 
Stephen N. Tager, M.D. 


Merritt, A. A. Symposium: Myelography in 
the diagnosis of diseases of the spinal canal. 
Part III. Prolapse of the intervertebral discs 
and vascular disease of the spinal canal. Proc. 
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Coll. Radiologists Australasia, Sept., 1958, 2, 

33739- 

The indications for myelography are: (1) To de- 
termine the presence and the type of the lesion; (2) 
to establish the level of the lesion; (3) to exclude 
multiple lesions; (4) to determine the cause of present 
symptoms in a patient who has been subject to pre- 
vious laminectomy; and (5) to determine the pres- 
ence, or absence, of a lesion in medicolegal cases. 

This is a review of 85 cases submitted to myelo- 
graphy, 47 for low back pain and 38 for other rea- 
sons. It will be seen that neoplastic lesions predomi- 
nate and that 2 cases with positive myelographic 
signs showed no demonstrable disease at operation. 

In 14 cases the disk herniation, as found, was 
proved. In § cases, the disks were found and, in addi- 
tion, thickening of the laminae and the ligamenta 
flava was noted. One case was said to show thicken- 
ing of the ligamenta flava only. One case showed 
scarring from a previous operation. In 2 no ab- 
normality was found. 

Herniated disks were found in 19 of the cases sub- 
jected to operation, giving a correct finding in 83 
per cent of the cases and a false positive finding in 2 
cases. 

In 14 cases where the myelography failed to dis- 
close abnormality, 8 were subjected to surgery. In 
5 cases herniated disks were found, one being com- 
plicated by a thickening of the ligamenta flava. In 2 
cases no evidence of disease was found. One case 
showed hypertrophy of the ligamenta flava only. 

Of the 41 cases of prolapsed disk suspected by 
myelography, 10 were not explored. Of the remain- 
ing 31 cases, in 22 disk lesions were displayed; in the 
other 9, 2 false positive and § false negative results 
were obtained. 

In this series, the author never recognized the 
entity of the ligamentum flavum. 

The site of the prolapse is usually at the disk 
space. The situation of the prolapse may be either 
medial or lateral. The lateral one may be either 
medial to the nerve root, lateral to the nerve root, or 
immediately in relation to the nerve root. In this last 
variety, no signs may be demonstrated. 

The myelographic signs are: (1) ‘““Hold-up” or im- 
pedance to the flow of pantopaque. Usually no gross 
obstruction is observed unless the disk is wholly ex- 
truded, and then only when the amount of extruded 
substance is large; (2) filling defect in the contrast 
column is by far the most important sign. The filling 
defects may be either small or large and depend 
mainly on the site of the protrusion. The centrally 
situated prolapse will give a more definite impression 
in the prone lateral projection, and will give either a 
“waisting” of the column at the disk level, or a cen- 
tral filling defect, depending on the normal posi- 
tion of the cauda equina in the particular case; 
(3) failure to fill the nerve root, either due to direct 
pressure on the nerve, or by edema within the nerve 
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sheath; (4) displacement of the nerve sheath, me- 
dially or laterally, depending on the site of the pro- 
lapse; and (5) edema of the nerve root proximal to 
the extruded disk, this being shown by a linear trans- 
lucency in the pantopaque column. 

Vascular lesions in the spinal canal, apart from 
hemorrhage into the cord, are rare conditions. They 
can occur extradurally, subdurally, and in the sub- 
arachnoid space. In this series of 85 myelographies, 2 
were performed on cases of extradural hemorrhage, 
1 on a case of subdural hemorrhage, and 3 on cases of 
subarachnoid hemorrhage. 

The characteristics of the disease are the sudden 
onset of extremely severe pain at the level of the le- 
sion followed rapidly by a swiftly progressing cord 
lesion. Only one case of those reported differed from 
this, and this simulated the history of a ruptured 
lumbar vertebral disk. 

This is essentially a clinical diagnosis of urgency, 
in that if surgery is performed promptly, recovery 
may ensue. Myelography has been used on a number 
of the cases. The most characteristic finding has 
been a complete block. 

The etiology of this condition is unknown. The 
majority of cases occur after the age of sixty-seven. It 
is thought that rupture of an atherosclerotic vessel 
may be a cause of the spontaneous hemorrhage. 

If the etiology of extradural hematoma is indefi- 
nite, even less is known about spontaneous subdural 
hematoma, 

The most common site of hemorrhage in the ver- 
tebral canal, apart from those occurring into the 
spinal cord itself, is the subarachnoid space. The 
usual cause is an angiomatous malformation. 

The typical signs are those of a slight holdup at 
the lowest level of the lesion, and as the contrast 
medium spreads between the tortuous vessels, it 
outlines those running parallel to the cord and those 
at right angles to it in the sagittal plane. The pant- 
opaque distribution gives 2 unmistakable patterns. 
Those vessels running parallel to the cord show as 
negative strands of irregular contour, while those in 
the sagittal plane show a ring translucency in the 
contrast column. 

Myelographic examination in extradural and sub- 
dural hematoma is only a confirmation of a clinical 
diagnosis which should be recognized by the ex- 
perienced surgeon.—Stephen N. Tager, M.D. 


Lewis, C. W. D. Symposium: Myelography in 
the diagnosis of diseases of the spinal canal. 
Part IV. Discussion. Proc. Coll. Radiologists 
Australasia, Sept., 1958, 2, 39-41. 


The author is convinced that thickening in the 
ligamenta flava is associated with cervical spondy- 
losis. The change is more than a mere thickening. 
There is also an alteration in consistency and an 
abnormally firm attachment to the adjacent laminae. 
In addition, there is sometimes adherence to the 
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underlying dura with visible alteration in the ap- 
pearance of the dura locally when ligamenta and 
laminae have been removed. 

The abnormality has been attributed to exag- 
gerated physical forces resulting from distortion of 
the spinal axis. 

It is not difficult to imagine the easy flow of 
spinal movement being interrupted at the site of an 
abnormal ligamentum flavum with jarring forces 
produced at the site and affecting the related disk. 
If adherence between ligamentum flavum and dura is 
a reality, then it could well be a source of pain. That 
the pain of a lumbar disk protrusion, for example, 
is solely caused by the stretching and friction of a 
nerve root over the eminence is not acceptable. 
Many patients giving a history typical of lower 
lumbar disk protrusion have been subjected to opera- 
tion, and no protruded disk has been found. Yet, 
the patient’s symptoms have entirely disappeared 
when the operative procedure has consisted of no 
more than a laminectomy. 

The author does not consider the stability of the 
spine to be adversely affected after laminectomy, so 
long as the bony and ligamentous structure of the 
vertebral column anteriorly is of normal strength. 

Narrowing of an intervertebral space is such a 
variable feature that one should hesitate to attach 
real significance to such a finding. 

The present position seems to be that diskography 
is not indicated as a primary procedure but may be 
justified when myelography is inconclusive. 

It has been the practice to treat protrusion of the 
lumbar disks conservatively and to resort to myelo- 
graphy only if this treatment is unsuccessful and 
operative measures are being contemplated. 

In osteitis deformans (or Paget’s disease of bone), 
when the vertebral column is affected, there is the 
possibility of an inward intrusion of bone causing 
cord compression or constriction. Laminectomy is 
indicated after the site of compression has been 
established by myelography. Compression at a dif- 
ferent site may occur at a later stage and may war- 
rant further laminectomy. A good result may be 
expected following the decompression. 

Vascular lesions around the spinal cord present 
difficulties in that the variationin the range of nor- 
mality is not known. Also, these lesions are known 
to give rise to intermissions in the symptoms which 
they may cause. 

Multiple sclerosis is so bizarre in its manifesta- 
tions and has so often been confused with compres- 
sion by a tumor or cervical spondylosis, that myelog- 
raphy would seem a justifiable procedure in most 
cases before the patient is finally diagnosed as suf- 
fering from this disease.—Stephen N. Tager, M.D. 


SKELETAL SYSTEM 
BarriE, Herbert, Carter, Cepric, and 
SuTCLIFFE, JoHN. Multiple epiphysial dys- 
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plasia. Brit. M. F., July 19, 1958, 2, 133-137 
(From: Hospital for Sick Children, Great 
Ormond Street, London, England.) 


Multiple epiphysial dysplasia is a condition in 
which there is irregular and often retarded ossifica- 
tion in several of the epiphyses. Three families with a 
total of 15 affected members are documented. 

It is suggested that dominant genes are responsible 
for all cases, although more than 1 mutation may be 
concerned to account for the variance in different 
families. The most common symptomatic sites are 
the hip and knee. The most marked signs are dwarf- 
ism and stubbiness of the fingers. The wrist is 
shortened and the carpals are irregular in shape. 
There is delayed ossification of carpals. The central 
parts of the lower radial and ulnar epiphyses are 
thinner than normal resulting in a V deformity in 
adults. Metacarpals and phalanges are short with 
square heads. The femoral heads may be absent, de- 
formed, irregularly ossified or normal. Irregular 
epiphyses also occur in cretinism, stippling of the 
epiphyses, osteochondrodystrophy, Perthes’ disease 
and dyschondroplasia. 

Diagnosis is of importance because those patients 
who received physiotherapy, especially early in life, 
had relief of pain at the time and developed less dis- 
ability. Crippling osteoarthritis is an almost. in- 
evitable complication.._Rodney Million, M.D. 


LircHMAN, Henry M., and Cuiruis, Marvin, 
Dysplasia epiphysalis multiplex. Bu//. Hosp. 
Foint Dis., April, 1958, 79, 88-99. (Krom: 
Departments of Radiology and Orthopaedic 
Surgery, Hospital for Joint Diseases, New 
York 35, N. Y.) 

The features of dysplasia epiphysalis multiplex, a 
disease of unknown etiology in which there is a 
generalized primary disturbance in epiphyseal ossi- 
fication, are described and 7 cases are reported by the 
authors. 

Pain and impaired joint function arecommon symp- 
toms, with various structural deformities such as 
coxa vara and genu valgum apparent upon physical 
examination. 

Roentgenologically there is alteration of the 
epiphyses without involvement of the shafts of the 
long bones. Metaphyses may be trumpeted and epi- 
physeal lines may be irregular; ossification centers 
may be late to appear, slow to develop and slow to 
fuse, with multiple centers present in the epiphysis 
involved. Commonly the hips, shoulders and ankles 
are involved, although any cartilaginous epiphysis 
may also be affected. 

Osteochondritis of a single joint, juvenile hypo- 
thyroidism, chondroosteodystrophy, dysplasia epi- 
physalis punctata, gargoylism, dyschondroplasia 
and osteopetrosis may enter into the differential 
diagnosis.—_William C. MacCarty, ‘fr., M.D. 
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Inctan, AtBerro. (Habana, Cuba.) Aspecto 
geriatrico de las afecciones dsteoarticulares. 
(Geriatric aspect of osteo-articular diseases.) 
Rev. ortop. vy. traumatol. (Latino Americana), 
July, 1958, 3, 103-114. 

The outstanding process caused by ageing in bones 
is demineralization. This corresponds in joints with 
degenerative changes. There are considerable in- 
dividual variations (discrepancy between chronologic 
and physiologic age). Demineralization—rarefac- 
tion of bone texture (osteoporosis)—is due to in- 
adequate remineralization, while osteoclastic ac- 
tivity continues as long as circulation is maintained. 
The differential diagnosis between the various causes 
which may produce osteoporosis (osteomalacia, hy- 
perparathyroidism, Sudeck’s atrophy, irradiation, 
disuse, etc.) must be considered. That due to post- 
menopausal changes or to senescence is the last one 
on the list, after the others have been ruled out. 

Softening of the bones permits vertebral collapse, 
or at least biconcave deformities of the vertebrae, 
sometimes with kyphosis, quite often with decrease 
in stature, and frequently with back and shoulder 
pain. The author reports encouraging results with 
combined male and female hormones, associated 
with diet containing large amounts of calcium and 
phosphorus. At times, orthopedic support is required. 
Just as difficult to treat are degenerative (osteo- 
arthritic) alterations, sometime called arthrosis. On 
occasion, even arthrodesis may become necessary to 
eliminate pain, which is seldom influenced by plastic 
operations. 

Finally, there is in this paper a brief review of the 
most frequent traumatic (bone) lesions which, in old 
people, are said to occur most often in juxtaepiphys- 
eal zones.— FE. R. N. Grigg, M.D. 


Keats, THEopore FE. Two unusual manifesta- 
tions of advanced rheumatoid arthritis. 
Radiology, Nov., 195d, 443735 730. | Address: 
University of Missouri, Columbia, Mo.) 


The author describes 2 unusual manifestations of 


advanced rheumatoid arthritis. These consisted of 


profound destructive changes of the joints and the 
formation of endosteal plaques near the involved 
joints, and were bizarre enough to make the radiol- 
ogist think of diagnoses other than the obvious 
rheumatoid arthritic condition. 

One case showed, in addition to the usual findings 
of advanced rheumatoid arithritis about the joints, 


eccentrically located dense endosteal plaques of 


varying sizes in the distal femoral and radial shafts 
and proximal ends of the humeri. The other case 
showed the unusual findings of complete destruction 


of the femoral heads with intrapelvic protrusion of 
the acetabula and femoral necks. The distal ends of 


the radii were pointed and there was likewise com- 
plete destruction of the distal ends of the metacar- 
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pals and proximal ends of the proximal and middle 
phalanges. Marked deformities and subluxations 
were also present. 

The possible causes of these severe changes are 
discussed by the author but the exact etiology is not 
known. Several roentgenograms are reproduced il- 
lustrating the findings..-Donald N. Dysart, M.D. 


MacEwan, D. W., and Dunsar, J. S. Radio- 
logic study of physiologic knock knee in 
childhood. ¥. Canad. A. Radiologists, Dec., 
1958, 70, 59-63. (From: The Montreal Chil- 
dren’s Hospital, Montreal, Quebec, Canada.) 
In recent years it has become more apparent that 

most cases of knock knee in children are physiologic 

variations of the normal and that almost all of them 
undergo spontaneous correction. 

Knock knee (genu valgum) is defined as any mal- 
leolar separation when, with the lower extremities in 
anatomic position, the medial surfaces of the knees 
just touch. 

Price gives an interesting account of the physio- 
logic changes that occur in the lower extremities of 
the growing child. In the first two years of life, there 
is a varoid phase (bowing). The lower extremities 
show an outward curve and the lower legs and ankles 
an inward torsion. These features are present at 
birth and disappear at approximately two years of 
age. The bowing appears to be chiefly in the bones 
and not at the knee joint. Although the bowing can 
become greatly exaggerated, it is a well documented 
observation that these bones usually return spon- 
taneously to a normal alignment. The valgoid phase 
occurs after two years of age due to straightening 
of the tibiae and presumably laxity of the knee 
joints. This tendency is most marked at the age of 
three to three and one-half years and usually ends 
by six years of age. 

The authors present 7 cases of bilateral genu val- 
gum with initial roentgenograms and follow up roent- 
gen studies after they all had returned to normal 
alignment. In 3 cases small wedges or lifts were used 
in the shoes, but the others received no treatment. 
They believe that this is probably the typical course 
of the physiologic type. An excellent classification of 
the etiology of knock knee by Stelling and Meyer is 
included. The original article should be consulted for 
this. Although rickets was formerly believed to be 
the principal cause of genu valgum, it is now con- 
sidered to be so only in rare instances.—David Morse, 


M.D. 


BLoop AND LyMpH SysTEM 
Goprrey, GeorGE C., MILLER, JoserH M., and 
GinsBERG, Mitton. An improved method of 
venography. Surg., Gynec. & Obst., March, 
1959, 70S, 375-378. (From: The Surgical 
Service, Veterans Administration Hospital, 
Fort Howard, Md.) 
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A simplified method of venography of the lower 
extremities utilizing a continuous intravenous infu- 
sion of 14 per cent urokon (s0 cc. of 70 per cent in 200 
cc. of saline) is presented by the authors. This solu- 
tion is administered intravenously through a needle 
in the distal leg or foot with the patient, lying supine, 
upright to approximately 65° from the horizontal on 
the roentgenographic table. A rapid flow of drops is 
delivered through a modified Murphy drip assembly, 
the rate being increased if necessary by injecting 
air into the bottle, until 100 cc. has been adminis- 
tered. The rate is then reduced to approximately 120 
drops per minute. 

A roentgenogram in slight internal rotation is ob- 
tained. This view frees the deep leg veins from the 
shadows of the tibia and fibula. A 14X17 inch an- 
teroposterior roentgenogram of the lower leg is taken 
and next a similar roentgenogram of the upper leg. 
The patient is then turned 90° toward the side being 
examined, the lower leg flexed on the upper enabling 
a single unobstructed roentgenographic view of al- 
most the entire lateral aspect of the leg. 

The authors also take an anteroposterior scout 
roentgenogram of the abdomen to visualize the 
pelvic veins, and occasionally an excretory urogram 
is obtained concomitantly with the administration 
of the contrast medium. 

The authors have used venography in 25 patients 
without any local reaction. The anterior tibial, pos- 


terior tibial and popliteal veins were seen in 24 of 


the 25 patients; the superficial femoral vein was dem- 
onstrated in 23 and the deep femoral vein in only ¢. 


William C. MacCarty, ‘fr., M.D. 


SHapiro, JEROME H., Haimovici, Henry, and 
Jacosson, Harotp G. Automatic long-seg- 
ment serial angiography: A new unit. Radt- 
ology, Nov., 1958, 77, 739-743. (Address: 
J. H. Shapiro, Montefiore Hospital, 210th 
St. and Bainbridge Ave., New York 67, 
The authors describe briefly a practical, efficient, 

automatic, long-segment serialograph which has a 

variable time-interval control. This machine will 

produce accurate visualization of any segment of the 
vascular system, particularly of the extremities. Six 

14 X 36 inch cassettes are used in the apparatus and 

the time interval between any two exposures may be 

set variably from one and a half to twelve seconds. 
The major use for this unit has been in femoral 

arteriography but it has also been employed in 

phlebography, aortography and lymphangiography. 

Radiation exposure to the technician is eliminated 

and, with use of an automatic injection syringe, the 

physician performing the injection can also be com- 
pletely protected. A drawing showing the cross-sec- 
tion of this multiple cassette changer is included and 

a brief explanation of how the mechanism works is 


given.—Donald N. Dysart, M.D. 
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T. F., and Morrow, Anpbrew G, 
Why selective angiography? Technic and 
applications in the preoperative evaluation of 
patients with congenital and acquired heart 
disease. Radiology, Nov., 1958, 77, 683-694. 
(Address: T. F. Hilbish, The Clinical Center, 
National Institutes of Health, Bethesda 14, 
Md.) 


Selective injections of contrast medium into the 
heart, pulmonary artery, or ascending aorta were 
carried out in more than 200 patients with a variety 
of congenital and acquired cardiovascular lesions. 
The opaque medium was thus delivered in high con- 
centration at the site deemed most likely to reveal 
the lesion. No deaths have resulted from either selec- 
tive aortography or angiocardiography. The most 
serious complication ventricular fibrillation 
which developed in one patient. Another patient ex- 
perienced right pleuritic pain and hemoptysis after 
the injection thought to be due to improper place- 
ment of the catheter. 

Patients are premedicated with demerol, scopo- 
lamine, and an oral barbiturate one hour before the 
procedure. Local anesthesia is employed before ex- 
posure of the vein, although light general anesthesia 
is sometimes necessary in infants and young children. 
The catheter is passed under fluoroscopic control to 
the previously selected site in the heart, the pul- 
monary artery, or the aorta. Throughout the cathe- 
terization and subsequent injection, an_ electro- 
cardiogram is visually monitored and recorded. Cor- 
rect placement of the catheter is facilitated by meas- 
urement of intracardiac pressures. A modified Leh- 
man catheter is used for the injections. After the 
catheter has been positioned, the patient is trans- 
ferred to the angiocardiographic table and, after ob- 
taining scout roentgenograms, the medium is in- 
troduced by means of a Gidlund power injection 
syringe. During the injection anesthesia is induced by 
intravenous sodium pentothal and succinyl-choline. 
I‘ilms are exposed in the anteroposterior and lateral 
projections at the rate of three to six per second. 

The technique was found to be useful in the study 
of patients with pulmonic stenosis, pulmonary vascu- 
lar lesions, atrial septal defect, ventricular septal de- 
fect, varieties of persistent atrioventricular canal and 
left-to-right shunts originating from the aorta.—A. 
W. Sommer, M.D. 


was 


ProkopeEc, J., and E. Die Lympha- 
denographie in der klinischen Praxis. 
(Lymphadenography in clinical practice.) 
Fortschr. a. d. Geb. d. Réntgenstrahlen u. d. 
Nuklearmedizin, Oct., 1958, 89, 417-424. 
(From: Radiologische Klinik der Karls-Uni- 
versitat, Prag, Czechoslovakia.) 

This paper is concerned mainly with technical 
aspects of lymphography. Five different kinds of 
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contrast material were tried out: (1) water-soluble 
joduron which had the disadvantage of fast diffusion 
and disappearance from the lymphatic system; (2) 
lipiodol which had the disadvantage of prolonged 
residue over three to five months and blockage of the 
lympatic system, and also the danger of fat embol1; 
(3) variant of lipiodol F distinguished by finer 
molecules which produced more rapid filling and 
more satisfactory evacuation; (4) crystalloids bound 
to albumin or globulin carrier which did not prove 
useful because of unstable union; and (5) oily con- 
trast materials with surface tension reduced by 
emulsifying process (decholin) which had the draw- 
back of side reactions. Additionally, means of con- 
trolling the lymphatic flow and lymphatic production 
were used, such as sympathomimetic drugs 1n intra- 
venous infusion (dibemanine) and infusion of normal 
saline, 300-500 cc. into the lymphatic area with addi- 
tion of 1 cc. of 1/2,000 adrenalin. 

The lymphography was performed by a direct 
percutaneous injection of the lymph nodes using 2 
to 4.cc. of contrast material under a continuous, even 
pressure. 

It was possible to visualize the superficial and 
deep lymphatic system with valves, diverticula, and 
dilatations, as well as to assess the rate of flow of 
the contrast material in the lymph nodes and the 
diffusion rate for crystalloids under different condi- 
tions. Marked ditterence was noted in appearance 
of the healthy and diseased lymphatic system. In 
neoplastic lesions (lymphogranuloma) the contrast 
material was not evenly distributed in perifollicular 
and marginal sinuses and the lymph nodes showed 
partial, streaky filling or no filling at all. Lymph- 
angitis carcinomatosa produced, diverticular and 
blind ending lymph vessels. The frequent rupture of 
the lymphatic capsule in these cases was responsible 
for failures. Thirteen illustrations are presented, but 
the clinical material is mentioned only casually. 


Nathan Kriss, M.D. 


ZHEUTLIN, NORMAN, and SHANBROM, EDWARD. 
Contrast visualization of lymph nodes. 
Radiology, Nov., 1958, 77, 702-708. (Address: 
N. Zheutlin, University of California Medical 
Center, Los Angeles 24, Calif.) 


The authors describe a method of injecting a thin 
iodized radiopaque oil (ethiodol) into lymph nodes. 
This technique, which has been carried out in 35 
instances without any untoward effects , has demon- 
strated clinically undetectable enlarged lymph nodes 
and revealed anatomic features of the lymphatics. 

Further studies are being done with other con- 
trast media. 

The statement is made that from this work it 
would seem possible to inject radioactive substances 
of low intensity into a lymph node and achieve more 
efficient radiation effects in distal groups of lymph 
nodes.—Donald N. Dysart, M.D. 
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RADIATION THERAPY 
LatrimMeR, JoHN K., Meticow, Meyer M., and 

Uson, Aurexio C. Wilms’ tumor; a report of 

71 cases. F. Urol., Dec., 1958, So, 401-416. 

(From: The Pediatric Urological Service of 

the Squier Clinic and the Babies Hospital, 

Columbia-Presbyterian Medical Center, New 

York’32, N. Y.) 

The prognosis for patients with Wilms’ tumor has 
considerably improved in recent times. The authors 
review 25 patients with this disease prior to 1933. 
The over-all survival rate was only 9 per cent in this 
particular series. 

The introduction of intravenous and retrograde 
pyelography in children has contributed to early 
diagnosis. Prompt radical excision of the neoplasm 
followed by postoperative irradiation has reduced 
the over-all mortality from 90 per cent to approxi- 
mately 50-65 per cent. Forty-six patients studied 
between 1934 and 1956, with proven Wilms’ tumor, 
showed an over-all survival rate of 38 per cent. Of 
36 patients who underwent nephrectomy, 16 or 44.4 
per cent are alive two or more years. Eighty-five 
per cent of the children who died following nephrec- 
tomy for Wilms’ tumor succumbed within a two 
year period. The age of the patient at the time of 
surgery was found to be an important factor in the 
prognosis; 73.3 per cent of children operated on 
under two years of age are alive as compared to 
18.5 per cent of children operated on between three 
and nine years of age. 

Symptoms were variable and most frequently con- 
sisted of vomiting, pain, fever and an abdominal 
mass. Hypertension was a common finding, occur- 
ring in 60 per cent of the patients whose blood pres- 
sure reading was recorded. 

The most important single procedure in confirm- 
ing the clinical impression of Wilms’ tumor is the 
roentgenographic study. 

Preoperative roentgen therapy proved to be an 
unsatisfactory procedure and was carried out in 
only 4 cases. The statistics show that better results 
are obtained with prompt nephrectomy followed by 
postoperative roentgen therapy. 

The histologic picture of the tumor did not appear 
to affect the prognosis, but its location in the kidney 
was noted to be an important factor. Of 14 patients 
with tumor involving the upper pole, 10 died. Only 
3 out of 8 whose tumors were in the lower pole suc- 
cumbed to the disease. Seventy-four per cent of the 
16 patients who had well encapsulated tumors are 
still living. A high sedimentation rate was indicative 
of a poor prognosis. 

The ditterential diagnosis between Wilms’ tumor 
and other lesions of the kidney and adjacent struc- 
tures is best accomplished by urography. The auth- 
ors note that, as a result of their experience, the 
proper differential diagnosis should now be made in 
3 out of 4 patients. 
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Fifteen tables and 7 figures accompany this ar- 


ticle.-—George W. Chamberlin, M.D. 
KLIGERMAN, Morron M., TapLtey, Norau 
puV., pt Liperti, CHARLES, and TALat, 


Norman. Orthovoltage rotation therapy: Six 
years experience in a general hospital. Radio/- 
OLY, Nov., 1958, 77, 641-650. (Address: M. 
M. Kligerman, 689 Howard Ave., New Haven 
4, Conn.) 


The authors report the results of a study of pa- 
tients accepted for treatment in the radiotherapy de- 
partment of a general hospital. From April, 1951 
until December 31, 1956, 1,165 patients with malig- 
nant disease and 24 with pituitary adenomas were 
treated. Of the total number, 144 were selected for 
rotation therapy. In order to demonstrate the 
utilization of the rotation equipment and to clarify 
the indications for such a treatment method, each 
case was analyzed with regard to such factors as 
site and extent of disease, size of portal, the dose 
delivered and unfavorable sequelae. 

Rotation therapy with standard orthovoltage 
generators was found to be applicable to 15 per cent 
of patients accepted for treatment. The chief areas 
in which this type of equipment was considered suit- 
able were the head and neck, esophagus, lung, 
uterus, bladder, and pituitary fossa. Tumor doses 
generally were in the 4,500 r to $,500 r range de- 
livered in five weeks. There were relatively few un- 
toward reactions: moist desquamation in g of the 
144 cases; sequelae of significance in 13; complica- 
tions during treatment in 12. 

Rotation therapy is considered a valuable tech- 
nique for both definitive treatment and palliation, 
and has proved to be the method of choice in many 
patients.—4. W. Sommer, M.D. 


Du Sautrt, Lucitte A., Eyter, WittiaM R., 
and Burns, WeENDELL M. Studies of time- 
dose relationships: The effect of fractionation. 
Radiology, Nov., 1958, 77, 709-715. (Address: 
L. A. Du Sault, The Henry Ford Hospital, 
Detroit 2, Mich.) 


The radiosensitivity of malignant tumors varies 
during the over-all treatment period because of 
changes in mitotic activity occurring as a result of 
temporary arrest of mitosis by the irradiation. Since 
cells are more radiosensitive during the mitotic 
phase, the radiation induced periods of arrest result 
in tumor radioresistance, and treatments given dur- 
ing these periods would be relatively ineffective. If, 
however, irradiation were delayed until resumption 
of mitosis occurred (fractionated), it would find the 
tumor in a radiosensitive period and should produce 
a correspondingly greater effect. To test this hy- 
pothesis, the authors irradiated mammary adenocar- 
cinomas in C3H strain mice according to varying 


Abstracts of Radiological Literature 


AvuGusT, 1969 
time-dose schedules. To obviate all possible vari 
ables, each group of mice was selected on the basis of 
equal size, weight, age and tumor size and site. Each 
group of mice being compared received the same 
total dose in the same over-all time, but with different 
intervals between treatments and with doses of dif- 
ferent size. The value of a particular fractionation 
plan was assessed by the proportion of mice showing 
disappearance of tumor as determined by palpation 
at the end of the prescribed follow-up period. The 
dose rate was 450 r/min. (air) at 20 cm., half-value 
layer 0.§ mm. Cu. 

It was found that the response of tumors receiv- 
ing 2,000 r per five day week was greater when 667 r 
was given three times a week (at forty-eight hour 
intervals) than when 400 r was given daily (at 
twenty-four hour intervals). This was true at both 
the 6,000 r and 8,000 r total dose levels. However, in 
another series, higher individual doses were used, 
giving 500 r daily to one group of mice and 833 r 
three times a week to another group. On this dosage 
schedule, there was no difference in tumor response 
between the two techniques. It was theorized, there- 
fore, that the latter techniques found the cells in ar- 
rest of mitosis. The efficient interval, then, depends 
also on the size of the individual dose, which means 
that the interval between treatments should be cor- 
respondingly longer when larger doses are used. 

It was also found that groups receiving higher 
total doses (10,000 r in twenty-five days) showed 
poorer results, regardless of the fractionation used, 
when compared to groups in which treatments 
stopped at 7,500 r in eighteen days. This suggests the 
possibility that supralethal effect may be related to 
impairment of host resistance. 

Linear and box graphs are used to summarize the 
over-all mathematical results.—Z. Petrany, M.D. 


RADIOISOTOPES 


GREENFIELD, Robert E., Goprrey, Jamie E., 
and Price, Vincent E.. Studies on the anemia 
of tumor-bearing animals. I. Distribution of 
radioiron following the injection of labeled 
erythrocytes. ¥%. Nat. Cancer Inst., Oct., 
1958, 27, 641-656. (From: National Institutes 
of Health, Public Health Service, U. S. De- 
partment of Health, Education and Welfare, 


Bethesda, Md.) 


Most patients with cancer have anemia sometime 
during the course of their disease. This may be sec- 
ondary to hemorrhage into the tumor or gastroin- 
testinal tract, but this is not the usual explanation. 
Anemia without evidence of hemorrhage in cancer 
patients has been a mystery for years. Previously, it 
was thought to be the result of displacement of the 
bone marrow by neoplastic cells. Recent studies in 
leukemia implicate a process of erythrocyte destruc- 
tion. This may take the form of shortened red cell 
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survival in the face of normal or even increased 
erythropoiesis. 

Investigations of red cell destruction have been 
directed toward: (1) tumor extracts which cause 
hemolysis of red cells; and (2) evidence of erythrocyte 
injury or defects in tumor-bearing patients and ani- 
mals neither of which have been fully substantiated 
in all types of malignant disease in the human. 

Tracer studies with Ke®? done by the authors in 
tumor-bearing animals revealed a large amount of 
iron in the tumor which was not accounted for by the 
iron in the circulating blood. The amount of iron in 
the tumor was found to be nearly balanced by the de- 
creased amount of iron in the circulating blood. This 
suggested the possibility that erythrocyte destruc- 
tion occurring in the cancer-host might be the result 
of vascular injury rather than due to tumor toxins. 

Fe®? injected intravenously into normal and tumor- 
bearing rats and mice was found to decrease in con- 
centration at a more rapid rate in the tumor-bearing 
animals. There was found to be large amounts of iron 
in the tumors which frequently exceeded the amount 
found in the liver. The rate at which the concentra- 
tion decreased, and the time after tumor implanta- 
tion when the decrease first started varied widely 
from tumor to tumor. There was also variation in the 
rate of decrease of Ke*® concentration in the same 
tumor-bearing animal from day to day. It 1s sug- 
gested by the authors that direct intravascular hemo- 
lysis in the tumor by intermittent release of a hemo- 
lytic factor from pockets of necrotic material may be 
the explanation for their findings.—Panu/ M. Inlw, 
M.D. 


Carson, JAmes C, Photoscanning after simple 
changes in present equipment. Radio/ogy, 
Nov., 1958, 77, 744-749. (Address: 1700 Clin- 
ton Street, Muskegon, Mich.) 


The author describes a method of modifying a 
Tracerscanner to produce a photoscanning unit. 
With this modification a slow scan of 1.5 to 4.0 mm. 
per second is possible, with a rapid return to from 50 
to 178 mm. per second. 

The system is ideal for brain tumor localization but 
it may also be used on any problem requiring photo- 
scanning techniques. Parts for the modifications cost 
approximately $69 and their specifications may be 
obtained from the author. Detailed description, 
schematic drawings and photographs are presented. 

Arno W. Sommer, M.D. 


Hummon, I. F., and Lanpaver, Roserr S. 
Dose distribution about large circular and 
linear sources of gamma radiation. Radiology, 
Nov., 1958, 7/7, 716-722. (Address: Cook 
County Hospital, Chicago 12, III.) 


Che availability of large quantities of long-lived 
gamma emitting radioisotopes makes possible the 
design of radiation sources of various sizes and shapes 
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not obtainable by the more conventional methods. 
A large ring source, for instance, could utilize material 
of low specific activity and holds forth the possibility 
of achieving doses comparable to those using rotation 
or pendulum therapy. 

To this efd, the authors arranged 30 aluminum 
tubes, 2.5 cm.X20 cm., each containing 100 uc of 
cesium 1 37, about the periphery of a circle 2 meters in 
diameter. An oval phantom with a short axis of 30 
cm. and long axis of 40 cm., filled with water, was 
placed in the center of the ring. Measurements were 
taken at the center of the ring both with and without 
the phantom and also along an extended radius 
from the center of the ring to a distance of 300 cm. 
from the center. Similar measurements were made 
using lead fins each 60 cm. long, 10 cm. wide and 6 
mm. thick, placed at equal distances from each other 
within the circle in a radial fashion. The number of 
fins used varied from 5 to 30. Graphs are presented 
to show some of the results obtained using various 
experimental arrangements. 

In addition, a linear source consisting of 10 of these 
tubes placed end to end, making a total length of 200 
cm., was devised. A series of isodose curves were 
drawn and a graph constructed to show the relative 
intensities at various distances along and from this 
linear source. 

The following conclusions were reached: 

(1) There is practically uniform distribution of 
radiation out to about 20 cm. from the center of the 
ring, when no fins or phantom are used. 

(2) The relationship of the intensity at the periph- 
ery of the phantom to that at the center varies with 
the number of fins. When the phantom is used with- 
out fins, its periphery receives about 18 per cent more 
than its center. The use of 5 fins reduces the surface 
intensity to that at the center, thus giving uniform 
radiation throughout the phantom. With 15 fins, the 
radiation intensity at the center is twice that at the 
periphery and with 30 fins, three times that at the 
periphery. These results approximate those obtained 
with rotational therapy. 

(3) The dose distribution about a linear source is 
similar for different source lengths provided propor- 
tionate distances in relation to the source length are 
used. Data for distances as close as 1.2§ per cent of 
source length are presented.—Z. Petrany, M.D. 


Jouns, H. E., and Taytor, R. M. Gonadal dose 
in Canada arising from the clinical use of un- 
sealed radioactive isotopes. ¥. Canad. A. 
Radiologists, Dec., 1958, 70, §5—58. (From: 
Ontario Cancer Institute, Toronto, and Na- 
tional Cancer Institute, Toronto, Ontario, 
Canada.) 

The purpose of the authors is to calculate the gon- 
adal dose to the Canadian population from the 3 
commonly used radioactive isotopes (I"™!, P®, and 
Au!%8) absorbed systemically for diagnostic and 
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therapeutic purposes. The total amounts used were 
obtained from shipment figures of C. E. Frosst and 
Co., principal distributors for A.E.C.L. 

The gonadal dose may originate from either beta 
radiation, gamma radiation or both. The dose from 
the gamma emitter is determined by the location of 
the emitter, its distance from the gonads and the 
time of exposure. Due to the limited range of the beta 
radiation, the exact concentration of the emitter in 
the gonadal and surrounding tissues must be known. 
Except for certain organs which selectively hold large 
amounts of activity, the activity is uniformly dis- 
tributed through the blood stream and body tissues. 
This is assumed to be the gonadal distribution of the 
emitter also. 

The metabolism of administered iodine in hyper- 
thyroid patients is chosen as typical of the distribu- 
tion of this isotope. This is because the greatest per- 
centage of the isotope used is for therapy and the 
hyperthyroid patients constitute the largest therapy 
group. In these cases after twenty-four hours 60 per 
cent of the iodine is in the thyroid gland, 25 per cent 
has been excreted through the bladder, and 15 per 
cent remains uniformly distributed through the 
whole body mass. Calculations based on a given dose 
of 1 mc show that the total gonadal dose from the 
tissue distribution of the beta and gamma emitter of 
I'' is 0.45 rads. This is significantly higher than the 
dose of 0.015 rads (gamma radiation from the blad- 
der) and o.oo1§ rads (gamma radiation from the 
thyroid accumulation). Translated in terms of gon- 
adal exposure to the Canadian population of those 
who are under thirty years of age, 0.314 mrad per 
person per year is the total exposure from this source. 

P*?, a pure beta emitter, causes gonadal exposure 
from the blood stream and actual gonadal tissue dis- 
tribution of the isotope. Allowing for body distribu- 
tion, urinary excretion and decay, the annual gonadal 
dose to the population under thirty years of age is 
calculated as 950 rads. This is translated as 0.11 
mrads per person per year for that age group. 

The dose from radioactive gold is not calculated 
because this isotope is not used in this age group. 

It is concluded that the dose to the gonads of per- 
sons under thirty years of age from radioisotopes in 
Canada is less than 0.5 per cent of that due to natural 
background radiation. For a detailed analysis of the 
calculations utilized in deriving the above results, 
the original article should be consulted.—David 
Morse, fr., M.D. 


MISCELLANEOUS 


Merriam, Georce R., Jr., and Focurt, 
EvizABETH F, Radiation dose to the lens in 
treatment of tumors of the eye and adjacent 
structures; possibilities of cataract forma- 
tion. Radiology, Sept., 1958, 77, 357-369. 
(Address: 635 West 165th St., New York 32, 
N. Y.) 
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Due to the difficulty in calculating the actual ra- 
diation dose to the lens when treating tumors of the 
eye and adjacent structures, the authors made a study 
in which actual measurements were obtained from a 
special phantom. The sites of lesions for which 
measurements were taken included the antrum, 
nasopharynx, ethmoids, cerebrum, pituitary gland, 
lacrimal gland, orbit, hard palate, nose, lids, and the 
eye itself (retinoblastoma). Accepted radiation tech- 
niques were employed and measurements obtained 
while using 250 kv. peak, 250 kv. peak and radium, 
cobalt 60, and 1,000 kv. peak sources. 

The results of these measurements were then cor- 
related with the results of another study by these 
authors in which the relationship of radiation cata- 
racts and various dosage levels were evaluated. 
Cataracts were found to occur mostly with the tech- 
niques used in the treatment of carcinoma of the 
antrum with invasion of the floor of the orbit, car- 
cinoma of the nasopharynx with involvement of the 
ethmoids, and carcinoma of the hard palate only if 
the cone had to be so angled that the eyes were in 
the direct beam. In radiation therapy for carcinoma 
of the eyelids, a cataract would occur only if radon 
seeds or radium plaques were used. 

It was found that, in general, a dose to the lens of 
approximately 7oo r, delivered in three weeks to 
three months, had about a 50 per cent chance of 
producing a cataract. The higher the dose, the 
greater the number of progressive cataracts with re- 
sulting loss of vision. Adequate shielding, meticulous 
positioning, and accurate direction of the radiation 
beams were found to be of great value in lowering the 
radiation dose to the region of the lens. It must be 
kept in mind, however, that a cataract is a minor 
complication in view of the severity of some of these 
malignant lesions.—Donald N. Dysart, M.D. 


Rooney, Donatp R., and Powe i, R. WALpo. 
Carcinoma of the thyroid in children after 
x-ray therapy in early childhood. 7.4.M.2., 
Jan. 3, 1958, 769, 1-4. (From: The Depart- 
ment of Radiology, and the Robert Winship 
Memorial Clinic, Emory University School 
of Medicine, Atlanta, Ga.) 


Carcinoma of the thyroid in children is being diag- 
nosed with increasing frequency. One possible ex- 
planation to be considered is that the widespread use 
of roentgen therapy in infancy during the same 
period when the rate of thyroid cancer in children is 
growing is in some manner related to the subsequent 
thyroid neoplasia. From 1930 to 1950 roentgen ther- 
apy for enlarged thymus gland was widely accepted 
and was also frequently employed for enlarged 
lymphoid structures in the oropharynx, persistent 
cervical lymphadenopathy, and chronic cough. 

One hundred and fourteen cases of thyroid cancer 
have been reported in the literature since 1950 in- 
volving children who had had previous roentgen 
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therapy in early childhood to the thymus, neck: or 
head areas for benign conditions. The authors pre- 
sent 10 cases of thyroid carcinoma in children under 
the age of seventeen, collected from six major 
hospitals. Seven of these received roentgen therapy 
to the neck in early childhood for various benign 
conditions. In 2 of the other 3 cases it was impossible 
to be certain whether the patient had_ received 
earlier roentgen therapy. Dosage when known ranged 
from 320 to 800 r. 

It is concluded that irradiation to the head, neck, 
or chest in infancy or early childhood may be a 
causative factor in the development of thyroid can 
cer later in childhood and, therefore, young children 
should be protected from all ionizing radiation with 
few or no exceptions in the treatment of nonmalig- 
nant conditions.—Leslie Sycamore, M.D. 


MarsHALL, THomas D., Spear, Lewis B., and 
MuuHter, Josern C. (Indianapolis, Ind.). 
Effect of roentgen-ray irradiation from a 
modern dental x-ray unit on the red and 
white blood cell count and on growth in the 
rat. Ys Am. Dent. A., Nov. 1955, 575 665 669. 


Twenty weanling Sprague-Dawley strain albino 
rats were used in the study. The rats were exposed 
to 141 r once every six weeks, and to 13.5 r at two 
week intervals between the 141 r exposure. This in 
terval of exposure was arrived at to correspond to 
the roentgen ray examination schedule normally 
practiced for the dental patient, on the basis of the 
calculation that one week in a rat’s life corresponds 
to thirty-four weeks in a human being. Each of the 
experimental rats was exposed toa total dose of 2,016 
r during a period of seventy-two weeks. Red and 
white blood cell counts, which were compared at each 
irradiation period, indicated no significant differences 
between the irradiated group and the control group 


values.— Thomas R. Marshall, M.D. 


Berpyis, CHArtes C. Transplantable “‘mesen- 
teric disease” (lymphopathia mesentericum) 
in normal and irradiated C;H/HeCRGL? 
mice with special references to the mammary 
tumors. Acta Radiol. Interamericana, April- 
May-June, 7, 93-98. (From: The Depart- 
ment of Radiology, Radiological Laboratory, 
University of California School of Medicine, 
San Francisco, Calif.) 

The mesenteric lymph nodes of the mouse differ 
in structure and anatomic characteristics from one 
strain to another. The author examined over 1,000 
mice, both controls and irradiated, of all ages and of 
several strains. The mesenteric lymph nodes of C3H 
strain only showed special structure different from 
the others, and the mesenteric disease, lymphopathia 
mesentericum, was observed exlusively in this strain. 

This disease, lymphopathia mesentericum, ap- 
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peared to be transmissible from one animal to an 
other in the same species, C;H, but the CAF strain 
was refractory to heterologous transplantation of 
this disease. Lymphopathia mesentericum is_ be- 
lieved to be an autochtone disease, inflammatory in 
appearance and viral in nature. 

All animals with mesenteric disease developed 
mammary tumors. Those without mammary tumors 
had moderate or no mesenteric involvement. This 
observation and the fact that irradiation decreases 
the incidence of mammary tumors and increases the 
incidence of mesenteric disease implies a possible 
interrelationship between mammary tumor and 
lymphopathia mesentericum in C3;H mice, although 
pathologic and microscopic evidence of this inter- 
relationship could not be determined.—Frank gS 


Rigos, M.D. 


Parerra-QuetrroLo, M. A. La relativa eficacia 
biolégica de las radiaciones ionizantes sobre 
el tubo digestivo. (Relative biologic effect of 
ionizing radiations on the gastrointestinal 
tract.) dn. Fac. de med. de Montevideo, May- 
Aug., 1958, 43, 91-99. (From: Dpto. de Bio- 
fisica, Facultad de Medicina, Montevideo, 
Uruguay.) 


This article describes some experimental observa- 
tions made by the author at the Oak Ridge National 
Laboratory (Tennessee, U.S.A.), aiming to deter- 
mine the relative biologic effect (RBE) of ionizing ra- 
diations on the small intestine of the female RF 
mouse. 

The RBE of the gamma rays of cobalt 60 was used 
as unity and the following formula applied: 

RBE Dose of Co to produce a certain effect 
, Dose y to produce same effect 

The techniques and methods used are described in 
detail. The degree of biologic injury was determined 
by measuring the weight of the small intestine from 
) to 7 days after the irradiation. 

The mice were irradiated with Co® gamma rays, 
roentgen rays of 250 kv. peak energy and neutrons 
of 14.1 mev. energy. 

No significant difference was found between these 
radiations in their capability to produce a biologic 
effect one day after irradiation. After two days the 
RBE was found to increase with the LET (linear 
energy transfer) being 1.0, 1.5, and 2.0 for gamma 
rays, roentgen rays, and neutrons, respectively. 

This article is of particular interest to those en- 
gaged in biophysical research.—Cesar E. Rosa-Perez, 


M.D. 


Lewis, YEVETTE S., QuasTLeR, HENRY, and 
SvIHLA, GeorGE. Ultraviolet microscopy of 
x-irradiated intestine. ¥. Nat. Cancer Inst., 
Nov., 1958, 27, 813-823. (From: Division of 
Biological and Medical Research, Argonne 


l 
1 


National Laboratory, Lemont, Ill., and De- 
partment of Biology, Brookhaven National 
Laboratory, Upton, Long Island, N. Y.) 


The color-translating ultraviolet microscope was 
used to study radiation effects in the mouse intestine. 
Generative cells showed pronounced changes in light 
absorption at 263 my; the light-absorbing clumps 
normally present in the nucleus disappeared. Later, 
diffuse, strong absorption was seen in cytoplasm and 
nucleus; still later, there was very little absorption. 
The earlier changes occurred uniformly in all genera- 
tive cells and thus cannot be related to a stage in 
the mitotic cycle; the late changes were independent 
of resumption of mitosis. The principal cells had 
similar but much less pronounced changes in 263 mu 
absorption. Later, changes occurred that were re- 
lated to abnormal development. The Paneth cells 
showed similar changes in 263 mu absorption. In 
addition, they showed early degeneration of a spe- 
cific (secretory) cytoplasmic structure, followed by 
speedy recovery.—Martin A. Thomas, M.D. 


E.RNSBERGER, Epwarp L. Decreasing radiation 
in photofluorography. Pud. Health Rep., 
July, 1958, 73, 596-598. (From: The Elec- 
tronics and Technical Service Laboratory, 
Public Health Service, Rockville, Md.) 


Within the last few months a new green sensitive 
photofluorographic film (A), type PFG-470, which 
has a faster emulsion than film produced previously 
(A), type PF-470, has been put on the market. This 
new film was tested in the Electronics and Technical 
Service Laboratory, Tuberculosis Program, Public 
Health Service to compare its emulsion speed with 
that of the earlier type. A safety timer with an im- 
pulse counter connected across the filed coil of the 
main contractor measured the time of each exposure. 
A pressdwood phantom, 100 kv. peak, and 175 ma. 
was used. All factors except time were kept constant 
and both types of film were exposed. The films 
were processed simultaneously by time temperature 
techniques. After drying, the density of the same 
area of each film was measured by a densitometer. 
Curves were drawn and showed the new film emul- 
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sion to be twice as fast at the density of 1 as the older 
type. The older type had a colorless base in contrast 
to the light purple base of the new. This affects the 
over-all apparent density and makes the new type 
film 2.8 times faster than the old at the density of 1. 

Another study determined the effect of added 
filtration on (1) the skin dose received by a patient 
from a 70 mm. chart photofluorogram and (2) ex 
posure time. Pieces of half hand rolled aluminum 
sheet 0.025 inch thick were used for the added fil- 
tration. With 3 mm. of added aluminum filtration, 
the phantom received only 55 per cent of the dose 
received without such filtration even though the 
length of the exposure increased 30 per cent. 

The author concludes that with the new type film 
the patient would receive only one half the radiation 
as when the old type emulsion is used. If 3 mm. 
aluminum filtration is added, the patient again would 
receive about one half the radiation as without it on 
either type film. Using both new type film and 3 mm. 
aluminum filtration, the patient would receive only 
one fourth the usual dose.—Roscoe EF. Miller, M.D. 


Hayr, Davip B., and Evans, Joun A. A camera 
utilizing the Polaroid Land process for the re- 
production of roentgenograms as transparen- 
cies for projection. Radiology, Dec., 1958, 
71, 871-874. (Address: D. B. Hayt, 525 East 
68th St., New York 21, N. Y.) 


The advent of Polaroid Land projection film has 
created a new means for the production of trans- 
parencies of roentgenograms for the standard lantern 
slide projector. 

The authors describe the photographic camera and 
other equipment necessary for the reproductions. 
They state that the quality of the transparencies is 
approximately equal to the professionally produced 
344 Inch slides, and is considered better than the 
35 mm. and amateur transparencies. The duplica- 
tion of the full range of tones found in a technically 
good roentgenogram is better. The actual time to re- 
produce a roentgenogram from the moment it is 
placed on the illuminating glass until the finished 
transparency is mounted and ready for its projection 
is only ten minutes.—W. M. McBride, M.D. 
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